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GLAND PRODUCTS 


Specification the Surest Guaranty 
of Clinical Results 


NIFORM methods cannot be employed for the extraction 

and desiccation of. different glands. The best method 

of handling each gland must be determined by experiment, 

the processes of manufacture in each instance being designed 

with reference to the peculiarities of the particular gland in 
question to yield a satisfactory finished preparation. 


The identity of the gland is of first importance, and this is 
particularly true of parathyroids. It is very easy to confuse 
other glands with the true parathyroid glands. 


All glands employed by us must be normal. They are all 
examined for evidence of disease. Before desiccation, all non- 
glandular matter is removed; this procedure reduces the 
weight of the glands as they reach us, often to a large extent. 


The greatest care is also exercised to select and dissect only 
that part of the gland which is required in the manufacture of 
the product, such as the corpus luteum, from ovaries, the 
anterior lobe from the pituitary body, ovarian residue from 
ovaries and the posterior lobe of the pituitary. Some glands, 
such as the thyroid, thymus, pineal, etc., are utilized in entirety. 
Where fatty tissue is present in excessive quantity it is re- 
moved by solvents in a way to prevent injury to the active 
gland substance. 

To still further increase the activity of our gland products 
we pass the desiccated material, after it has been finely 
powdered, through sieves to get rid of the remnants of inactive 
fibrous and connective tissue. 


Our gland products therefore represent only the useful 
parts of the raw material we receive, and for this among other 
reasons contain a maximum amount of the therapeutically 
active portion of the glands. 

Only by specifying our gland products—by adding to his 
prescription for gland products the designation “P. D. & Co.,” 
can the benefits of the careful work we do be secured by the 
prescriber. 

We will gladly send literature on the gland products in 
which you are interested. 


PARKE, DAVIS & COMPANY 


DETROIT, MICHIGAN 
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Original Communications 


CARDIAC INFARCTION (CORONARY THROMBOSIS); AN © 
EASILY DIAGNOSABLE CONDITION* 


Henry A. Curistian, M.D., 
Boston, Mass. 


HEN I ended my medical school course, now just twenty-five 

years ago, cardiac infarct, the result of coronary thrombosis, had 
been shown to me in the postmortem room, but I can recall no refer- 
ence to cardiac infarction or, as it is sometimes termed, coronary 
thrombosis, as a condition to be recognized during life. My teachers 
of that day seemed unable to make that diagnosis in the clinic. Today 
I find that the fourth-year medical students in my wards at the Peter 
Bent Brigham Hospital consider it in rendering a diagnosis on pa- 
tients assigned to them for history and physical examination, and 
adopt or eliminate it with a very considerable degree of accuracy. 
In other words, the students of today diagnose with much accuracy a 
condition that was hardly known to the medical students of twenty- 
five years ago. 

What has caused this change? It has come in the main as the result 
of the careful clinical study of patients by observers willing to take 
the time to record a thorough history and physical examination and 
then thoughtfully to consider this data in relation to the anatomical 
conditions found at the postmortem examination. No special, intri- 
cate, new methods of observation have played any essential part in the 
recognition of this clinical entity, though the electrocardiogram in 
some patients yields data helpful in making the diagnosis. 

It seems to me worth while to keep this in mind in a day and time 
when chemical methods tend to overshadow the importance of patho- 
logical studies and considerations of function may turn thought away 
from those of structure. Notwithstanding the developments in chem- 
istry and physiology, pathological anatomy has lost none of its impor- 


*Presented September 18, 1925, at Seattle, Wash., before the Washington State 
Medical Association. 
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tance in the training of medical students and the progressive eduea- 
tion of practicing physicians. The habit of careful clinical study of 
your patients with a checking up of clinical data by postmortem ex- 
amination remains the greatest school of postgraduate medical study, 
and it is most unfortunate that we, as physicians, have allowed our- 
selves to fail to get the help that would come from frequent post- 
mortem examinations on the patients that we have studied during life. 

To my mind it is highly disereditable to American medicine that we 
tolerate so low a percentage of postmortem examinations in our hos- 
pitals and have almost entirely given them up in private practice, 
thereby losing a most valuable opportunity to advance our knowledge 
of medicine. We have found at the Peter Bent Brigham Hospital that 
effort on the part of the staff will yield an autopsy percentage increas- 
ing in ratio to the intelligence of the clientele, which means that it is 
easier to secure permission for autopsies on private patients than on 
public ward ones. Patients with imperfect knowledge of English, 
from lack of understanding, swell the number of refusals, while Jewish 
patients make the largest percentage of those who decline to permit 
autopsies; basing their refusal on a claim of forbidding religious 
tenets, a claim that the better educated rabbis do not support. Jewish 
physicians, to my mind, have been particularly remiss in not urging 
autopsies on their clientele, correcting this claim of a forbidding tenet 
in the Jewish belief. An active propaganda by them in favor of post- 
mortem examinations would do much to inerease the frequency of 
autopsies especially in certain sections of this country. However, by 
no means all blame should be placed on the Jewish physicians, for 
those of other religious persuasions are culpably negligent in seeking 
autopsy permits on their patients. All of this is somewhat of a digres- 
sion from my main topic; precipitated, however, by the importance 
that pathological-anatomical study has been in developing our ability 
to diagnose cardiac infarction as a clinical entity. 

Though, as already pointed out, in my own student days, little was 
heard of eardiae infarction as a elinical syndrome, yet to my old 
teacher, William Osler, should be given much of the credit for the cor- 
relation of the clinical and pathological findings in this condition; his 
publication coming some ten years after my graduation. Sir Clifford 
Allbutt, too, recognized and described the condition. George Dock 
and James B. Herrick of our present group of clinicians added much 
to our knowledge of the clinical aspects of cardiae infarction, espe- 
cially the recognition of the form that recovers from the attack, for it 
is by no means a fatal disease. The clinical studies of these men have 
been rounded out by the experimental work on animals and the elee- 


trocardiographie studies on both animals and man made by F. M. 


Smith and others. Today, as I am here emphasizing, as a result of 
the observations of these men, cardiac infarction stands out as a clean- 
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eut clinical entity, easy of recognition by any practicing physician 
who knows the symptoms and usual findings. Simple bedside methods 
of examination suffice to make the diagnosis in most eases, so there is 
no reason why each and every one of you should not diagnose it ecor- 
rectly in your own patients. 

Why, you may ask, is it important correctly to diagnose this con- 
dition? In the first place not at all infrequently the unrecognized 
ease is submitted to a laparotomy in the belief that the pain in these 
patients, which may be referred to the abdomen, originates there from 
some lesion of the abdominal organs capable of cure by surgery. 
Symptoms are fulminating and alarming; emergency measures are 
inaugurated by the surgeon without thoughtful consideration of symp- 
toms and careful study of the patient; the issue is a fatality. Too 
often there is no autopsy or only an examination of the abdomen 
through the operation wound. The surgeon learns nothing from his 
experience; his mistake remains unrecognized; with a similar situa- 
tion in another patient he probably repeats his procedure with like 
result. 

In the second place, a differentiation from angina pectoris is not 
made. Perhaps cervical sympathectomy is advised. Of course in 
cardiac infarction it does no good and may precipitate a fatal outcome. 
The reports of cervical sympathectomy for angina pectoris already 
contain some cases, unsuccessful ones as far as surgical therapy is 
concerned, which would seem to have been those of patients with 
eardiae infaretion. Cervical sympathectomy is contraindicated in 
cardiae infarction and so cardiae infaretion must be recognized in the 
satisfactory selection of patients suitable for cervical sympathectomy. 

In the third place diagnosis of the condition is important in treat- 
ment. The chances of having a functionally efficient heart following 
a recoverable infarct of the heart muscle depends in very large meas- 
ure on how the patient is treated immediately after the lesion de- 
velops, and, perhaps of greater importance, how the régime of con- 
valescence is planned. Recognizing what has happened to the heart 
muscle is the most significant step in planning the treatment. 

What are the significant findings in eardiae infaretion? First as to 
history, many patients give a story of preceding precordial distress 
ranging from very slight transitory discomfort, extremely often in- 
terpreted by the patient and physician as indigestion, to definite at- 
tacks of angina. The various forms of preceding distress have in 
common abrupt onset, short duration, usual association with exertion, 
emotion or digestive activity, and location beneath the upper end of 
the sternum with or without radiation to the arm, ordinarily to the 
left arm. In another smaller group the discomfort, otherwise the 
same, is localized in the epigastrium. A very considerable group of 
patients have experienced no preceding distress. With extremely rare 
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exceptions the patient is past forty years, with the curve of incidence 
rising sharply to its maximum in the decade between fifty and sixty 
and then gradually falling. The youngest in our series was thirty-one, 
but this was a clinical diagnosis in a patient who recovered and so 
subject to error of diagnosis. The youngest patient with autopsy con- 
firmation was forty-two. By decades patients with the diagnosis of 
cardiac infarction range in our series as follows: 


30-39 years of age 5 cases 
50-59 

60-69 

70-79% <6 


‘More often than otherwise the patients have had no or very slight 
evidences of cardiac insufficiency. Very few have evidences of val- 
vular lesion. 


Most important in the history is the description of the symptoms 
associated with the occurrence of the infarction. There are two groups 
of patients, a large group in which pain predominates over all other 
symptoms and a small group without pain, having collapse, a sense 
of impending dissolution, and usually dyspnea as the chief symptoms. 


The group with pain is more easily diagnosed because the pain 
is of such a severe, persisting type, and is at once recognized by the 
patient as something entirely different from any pain of his past ex- 
perience, even though he has had typical attacks of anginal pain. 
This pain most often is located behind the sternum, especially behind 
its upper portion. At times it is entirely below the diaphragm in 
location. It is almost always a deep-seated pain. Frequently it radi- 
ates, most often down the left arm, next along the left side of the 
neck. It persists; its duration varies, but as a rule it is measured by 
hours, though it may fluctuate in intensity. The patient speedily 
recognizes that nothing that he can do relieves the pain; hence there 
is no characteristic attitude or position assumed by the patient. In 
some swallowing, in others any exertion, aggravates the pain, but at 
times eating or moving about seems in no wise to influence the pain. 
To see the patient during an attack removes all doubt as to the 
genuineness of the pain complained of. The face shows distress, 
anguish, apprehension; the skin is bathed in cold sweat; the color is 
usually pale, or ashen gray, while cyanosis is uncommon. Occasionally 
the skin shows a red flushing. It is obvious that the patient is suf- 
fering greatly and that his condition is serious. 

Patients describe their pain variously. It is worth while quoting 
some of the descriptions from our records as given by our patients: 


*The oldest in our series was actually seventy-six; of this age there were two 
patients. 
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‘‘Agonizing substernal pain which lasted for forty-eight hours, alternating in 
intensity from real agony, of which the patient says he did not care whether he lived 
or died, to a dull aching pain. With each inspiration the intensity of the pain 
was tremendously increased, so much so the patient contented himself with rapid, 
shallow breathing. There was no radiation of the pain.’’ 

‘‘Severe pain awakened the patient at 4 A. M. This pain was in the left elbow, 
spread to the hand and shoulder, then over the precordium and then through to 
between the scapulae behind. The pain was steady, sharp, and did not move from 
place to place, but occurred in all places named at the same time. She suffered much 
and had to sit up and fight for her breath.’’ 

‘‘While sitting in a chair at the table the patient was suddenly seized with 
severe, excruciating pain along the lower left costal border at the anterior axillary 
line. The pain was very severe; the patient thought that he was going to die. 
He had a choking sensation and much difficulty in getting his breath. The patient 
said he felt as though someone was sitting on his chest. The spot was tender and 
continued to ache for about three hours.’’ 

‘¢When on a train, while quietly reading a paper after an ordinary day of no 
unusual excitement, the patient was suddenly seized with a terrific pain, sharp and 
knife-like, over the heart. Later it became a gripping ache, spreading over the whole 
chest, radiating to the left shoulder and down the left arm to the fingers and 
down the right arm to the elbow. It continued unabated for five hours and it was 
so severe that the patient thought he was going to die and really wanted to die.’’ 

‘*While standing in front of the fire station one evening the patient, a fireman, 
was suddenly seized with a terrible pain across the front of the chest and in both 
shoulders, in front and in back. The pain was described by the patient as fol- 
lows: ‘It was like you were in a vise and someone was squeezing it. It was so 
severe as to bring tears to the eyes.’ He had a choking sensation with acute short- 
ness of breath, his breath coming in gasps.’’ 

‘*At noontime the patient was suddenly taken with a terrific attadh of pain 
that gripped his chest and he broke out into cold perspiration and became pros- 
trated.’’ 

‘¢ After an unusual amount of exertion the patient had a sudden attack of 
stifling pain in his chest, at which time it was very difficult for him to breathe. 
The pain was so severe that he had to lie down on the floor in his office. He sweated 
profusely and had marked dyspnea. ’’ 


Gastric symptoms are very commonly seen, such as loss of appetite, 
nausea, vomiting. Patients frequently describe their condition as 
resembling some previous attack of indigestion, though every feature 
is very much more intense than ever noted before. If one goes care- 
fully into the past history of patients, one so frequently gets a history 
of what the patient calls infrequent attacks of indigestion without any 
recognized precipitating cause, that one is led to think that these 
so-called indigestion attacks are really occasioned by slighter vascular 
disturbances in the myocardium. The phases of the symptomatology 
of cardiac infarction regarded by the patient as evidences of indigestion 
perhaps explain why our daily newspapers with great frequency at- 
tribute the death of notables to ‘‘acute indigestion,’’ a condition 
which, as a cause of death, is in all probability actually limited to a 
very few examples of poisoning, including possibly a rare case of 
food poisoning. I feel very sure that a postmortem examination of 
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many of these notables would reveal a cardiae infarct. Certainly most 
of them fall in the age group of most frequent incidence of cardiae 
infaret and strange indeed would it be for actual acute fatal indiges- 
tion to spare those under forty years of age, while being frequent in 
those over forty, as it most certainly does in our newspaper reports. 
I often wonder whether the physicians of the country really make the 
diagnosis ‘‘fatal acute indigestion,’’ or whether it is considered a blot 
on the family tree to die of cardiae infarction or apoplexy or other 
probable cause of death in these cases of ‘‘acute indigestion.’’ After 
all, isn’t the connotation of death from acute indigestion with its 
implication of gluttony, riotous living, ete., a worse stigma? I hardly 
think the diagnosis originates very often with the physician in charge. 

Dyspnea is a prominent symptom in nearly every patient with 
eardiae infaretion. A striking characteristic of it is the disproportion 
so often noted between the degree of dyspnea and demonstrable lesions 
of heart and lungs. I have seen a patient, who, while lying perfectly 
quiet in bed, would show but a very slight increase in respiratory 
rate and yet the effort of changing position in the bed would cause 
her to gasp for breath. This patient showed but trivial physical signs 
of eardiae or pulmonary lesion. She was one of our patients who had 
had practically no pain and the diagnosis of cardiac infarction, correct 
as confirmed at autopsy, was based on this disproportion between 
dyspnea and physical signs of cardiorespiratory lesion. 

A number of the patients show a dyspnea characterized by rapid, 
deep breathing, in a way suggestive of the air hunger of acidosis, but 
in rate more rapid and so like the dyspnea often seen in pulmonary 
embolism. Though dyspneic, few patients are orthopneie and, as al- 
ready mentioned, cyanosis is not prominent and may be entirely 
absent. In these respects they appear strikingly different from pa- 
tients with the usual forms of cardiae insufficiency. 

Of physical signs perhaps the more constant and important one is 
evidence of a weak eardiae action with a poor pulse showing, not 
infrequently, arrythmia. The heart usually is moderately enlarged but 
this searecely helps in diagnosis. Murmurs are of no significance; 
systolic apex murmurs are often heard. Pericardial friction sound, un- 
fortunately rarely present, when it does occur is of great aid in diag- 
nosis along with the other features. Peripheral arteries of course show 
some evidences of sclerosis but often it is scarcely disproportionate to 
the age of the patient. Most surprising it is at times to find almost 
no signs of arteriosclerosis. Blood pressure is practically always low- 
ered for some time after the attack and this is a helpful sign in diag- 
nosis and its rise toward normal is of good prognostic omen. 

Crackling rales at the bases of the lungs are nearly always present 
and usually persist except in recovering cases, and in these they may 
be heard for a long time. Often they are numerous and widely sceat- 
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tered in the lungs, causing the picture of acute pulmonary edema. 
These rales, along with evidences of weak heart action, are two strong 
links in the diagnosis when other physical signs in heart and lung are 
negligible. 

The abdomen may show distention. The liver often is tender and 
slightly enlarged. There may be slight muscle spasm in epigastrium 
or right hypochondrium. ‘Too little consideration given to history 
and to slight eardiae and pulmonary signs, as just deseribed under 
these headings, leads to the erroneous diagnosis of some acute abdom- 
inal condition, with subsequent negative exploration by a surgeon. 

Soon after the infaretion occurs slight fever (101°-102°) and slight 
leucocytosis (10,000-15,000, occasionally 20,000) are almost invariably 
found. If this is not kept in mind, the fever and leucocytosis may 
mislead the physician into an erroneous diagnosis of some infectious 
process with abdominal pain, fever and leucocytosis; an acute inflam- 
matory lesion within the abdomen is simulated and hence the wrong 
diagnosis and useless operation may follow. 

Arrythmia has been referred to already as being present in a ma- 
jority of the patients. The type of arrythmia is various but no form 
of arrythmia is in any way characteristic or pathognomonie of ear- 
diae infarction. In many patients the electrocardiogram does show 
changes in the form of the ventricular complexes, which are almost 
pathognomonic of the condition and when available electrocardio- 
grams are of much aid in the diwgnosis. However, it is to be remem- 
bered that the.ekeetrocardiogram may be entirely normal in patients 
with ecardiae Infaretion and hence normal electrocardiographie findings 
by no means justify disearding the diagnosis of cardiae infarction when 
the history and other findings point to it. As already emphasized, the 
correct diagnosis usually can and should be made without the aid of 
the electrocardiogram. Consequently, | am not going to burden this 
audience of clinicians with any detailed description of electrocardio- 
graphic findings in cases of cardiae infarction. 1 would add too, by way 
of advice, in ease the obtaining of an electrocardiogram involves 
transportation of the patient; postpone it until the patient’s condi- 
tion has greatly improved, for rest is more important to the patient 
than an electrocardiogram. A live patient with a probable diagnosis 
of cardiae infaretion is by far preferable to a dead one, definitely 
diagnosed by finding a typical electrocardiogram, and the moving of 
the patient may make the difference between recovery and death. 

Treatment, in essential, consists in easing the terrible pain and pro- 
tecting the heart from the effects of strain. For pain there is nothing 
so effective as morphia given promptly and repeatedly until one gets 
its full effects. With severe pain give 14 grain (30 mg.) at once and 
repeat in 14 grain (15 mg.) doses until pain is eased. These patients 


tolerate large doses of morphine. Nitroglycerine is of no effect on 
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this pain and with the lowered blood pressure is contraindicated. As 
to the heart, remember that part of the heart muscle has been cut off 
from its circulation and will die. What remains in good nutrition 
must carry on heart work. So reduce to a minimum all physical 
exertion of any sort. Absolute rest in reclining posture is essential. 
In recovering cases my rule has been six weeks completely in bed 
and then a very gradual return to physical exertion. The blood pres- 
sure ievel is a very good guide; so long as it remains at a lowered 
level, great caution in allowing bodily exertion is indicated. 

How about cardiac drugs? My judgment is against the use of 
digitalis, except in patients with a preceding cardiac insufficiency, 
unless definite signs of decompensation are in evidence during the 
period of recovery. I have carried some very desperate cases through 
to complete convalescence without any digitalis. However, this is a 
matter on which opinion differs and others recommend the use of 
digitalis. With failing pulse and evidences of eardiae collapse, eaf- 
feine in doses of 5 to 10 grains (0.3 to 0.6 gm.) intravenously or intra- 
muscularly, has seemed to me to be by far the most effective drug. 
This should be repeated as indicated by the evidences of feeble pulse 
and its response to the drug. In the presence of very grave circula- 


tory failure or cessation of pulse beats epinephrin, administered intra- 
venously or intracardially, is indicated and may tide over the crisis. 


The dose should be 14 of 1 ¢.c. of 1: 1000 solution. In my opinio. 

unusual clinical acumen is required in these cases to determine when 
and how much eardiae stimulation is needed. My feeling is that more 
often too large and too frequent dosage with digitalis, caffeine, epi- 
nephrin, ete., is employed and that on the whole these patients do best 
when treated with great conservatism so far as so-called cardiocir- 
culatory stimulants are concerned. Some will die, whatever you do, 
because the heart is mortally wounded with the first block that oe- 
curs in the coronary vessels; others have but a small area of muscle 
involved and will almost surely recover. Between these extremes lies 
a group in which much depends on the clinical judgment of the 
physician in charge, who may err either on the side of doing too much 
or too little or who may hit the happy middle course of just the proper 
theraneusis. 

Is cardiac infarction a condition of frequent enough occurrence to be 
of importance to the practicing physician? I think it is. I have had 
on my service at the Peter Bent Brigham Hospital in a little less than 
ten years 45 fatal cases and 25 cases that recovered from the attack. 
Of the latter one may question the diagnosis in all, if one is critical. 
Among the fatal cases, 28 were proved by autopsy. So you see this is 
not a very unusual condition within the hospital walls. Many patients 
are too ill or live too short a time to be sent to the hospital, and so 
those coming to the hospital are decreased in number by these causes. 
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So I am inclined to think that it is by no means a very infrequent 
disease among patients over forty years of age, and so it is a condi- 
tion of considerable practical importance to know about and to 
recognize. 

In closing I wish to revert to my opening statement that fourth- 
year medical students of today consider cardiac infarction in render- 
ing a diagnosis on patients assigned to them for history and physical 
examination and adopt it or eliminate it with a very considerable de- 
gree of accuracy. It has seemed to me that these fourth-year students 
quite often correctly diagnose cardiac infarction when the referring 
physician has had no idea of what was the cause of the disability that 
leads him to send the patient to the hospital. Since the diagnosis, as 
indicated above, is based on very simple clinical methods, available by 
any physician at the patient’s bedside, one is forced to the conclusion 
that the difference lies in the fact that the student knows of and 
understands the condition and appreciates that its occurrence is fre- 
quent enough to justify consideration in making a diagnosis, while 
the practicing physician does not. It is this impression that has led 
me to think it worth while to present this topie before your Association. 
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REMARKS UPON THE MANNER OF DEATH IN CORONARY 
THROMBOSIS* 


FraANK T. Futon, M.D.., 
PROVIDENCE, R. I. 


LARGE percentage of the patients with coronary thrombosis die as 

a result of that condition. Death is frequently sudden and often 
oceurs when the general condition has improved and the patient seems on 
a fair way to recovery. In a series of twenty cases, observed in private 
practice and followed until their termination, eleven died. Seven of them 
died suddenly and four more gradually. The shortest time from onset 
until death was about two hours; the longest, four years. Of the seven 
sudden deaths, the condition just before the moment of death justified 
a hopeful prognosis in all of them and especially so in five. Of the four 
gradual deaths, in only one of them was there any abatement of the 
symptoms after the onset or reason to expect anything but fatal issue. 

It is always an interesting question as to what is the mechanism in 
these cases which causes the heart to cease beating. Were an autopsy 
available and could a graphie record be obtained just before and at the 
moment of death, the mechanism in most cases could be demonstrated. 
The autopsy alone will not reveal the rhythm prevailing at death. A 
coronary thrombus with an infarct has been considered at autopsy as a 
sufficient cause of death. However, the mechanism of death is not re- 
vealed by the presence of an infarct. If we apply the knowledge gained 
through graphic methods and animal experimentation, we may, by eare- 
ful clinical observation of the manner of death, reach a tolerably correct 
interpretation of the character of the disturbance which with such dra- 
matie suddenness stops the cireulation. 

The deaths which oceur as a result of coronary thrombosis may be 
divided into three groups. 

1. The first includes those cases in which the immediate cause is more 
or less remote from the original lesion. Not infrequently after an artery 
becomes occluded an intracardiae thrombus is formed at the site of the 
infaret. If this thrombus becomes loosened, some disturbance of the 
circulation occurs. If it is in the right heart and the main pulmonary 
artery is completely occluded death immediately ensues. If the embolus 
lodges in one of the branches, any degree of disturbance of the pulmonary 
circulation may occur. This will depend on the size of the vessel ob- 
structed. If in the left, the result here too depends upon the size of the 
embolus and the artery which it finally oeeludes. The most serious ob- 


*Read at the meeting of the Association of American Physicians at Washington, 
D. C., May 5, 1925. 
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structions are those involving one of the main coronaries, some of the 
cerebral arteries causing paralysis, the arterial supply of an extremity 
resulting in gangrene, plugging of the renal artery or any large branch 
leading to any important organ. Death in the above group of eases is 
not strictly speaking a cardiae death. 

2. In the second group the damage to the heart as a result of eutting 
off its blood supply may lead to progressive weakening of the heart mus- 
ele so that death occurs as it does in any other instance of gradual myo- 
eardial failure, or there may be sudden rupture of the heart wall. 

3. We may include in a third group those cases in which the heart 
ceases to beat because of some interference with the mechanism by which 
the heart beat is maintained in its orderly sequence and efficiency, result- 
ing, e.g., in heart-block or ventricular fibrillation. 


CHIEF CAUSES OF SUDDEN DEATII 


The chief causes of sudden death are heart rupture either because of a 
softening infaret or a ventricular aneurysm; embolism of the pulmonary 
artery ; ventricular fibrillation ; and heart-block. Whether death occurs 
as the result of vagus inhibition, so emphatically insisted upon by Sir 
Clifford Allbutt, is a question very difficult of demonstration. This much 


may be said that most of the sudden-or instantaneous deaths are unaccom- . 


panied by pain. 

The importance of ventricular fibrillation as a cause of sudden death 
is not very generally recognized. In experimental observation it has long 
been noted as the terminal event and especially when a coronary or some 
branch is obstructed. The first disturbance may be manifest as ventricu- 
lar extrasystoles, followed perhaps by ventricular tachyeardia, culminat- 
ing finally in ventricular fibrillation. Lewis suggests that sudden death 
resulting from this abnormal rhythm may sometimes be due to the ocelu- 
sion of vessels supplying relatively small or deeply seated areas of heart 
muscle, which remain undiscovered even at autopsy. Obstruction of 
a small branch may or may not be fatal to an otherwise healthy ani- 
mal. It is known to be not always fatal in man as shown by fibrotic 
patches apparently of long standing, found at autopsy. 

Very significant is the recently published experimental work of Gold.* 
He reports a total of fifty-eight ligations of one of the coronaries or af 
some branch and in more than 50 per cent, ventricular fibrillation de- 
veloped. In his experiments, too, the effects of ligation in different. parts 
of the coronary circulation varied widely, probably depending upon the 
amount of compensatory circulation. 

Heart rupture and pulmonary embolism may be demonstrated post- 
mortem. It is a difficult matter to demonstrate with certainty that heart- 
block has or has not been the cause of death and as for ventricular fibril- 


*Gold, Harry: Action of Digitalis in the Presence of Coronary Obstruction, Arch. 
Int. Med., 1925, xxxv, 482. 
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lation, it leaves no evidence whatever after death as to whether or not it 
has been present. 

In this series there have been no autopsies, but only cases have been 
considered in which the clinical course leaves little or no doubt that 
the condition was coronary thrombosis, In two of the cases, the weight 
of evidence seems in favor of the opinion that death occurred from heart 
block. Three others died while lying in bed without a moment’s warning. 
Two others died on the seventh and ninth day very abruptly. They had 
been desperately ill and had greatly improved until the day of death. 
On that day there was a slight recurrence of the pain and discomfort 
lasting for a few hours and this was followed by an abrupt termination. 

Another was sitting on a bench at the Country Club two hours after 
the onset discussing whether to attempt to get to his home or to wait a 
few minutes until he should feel better. He fell over unconscious and 
died at once. 

One died in great pain with a gradually failing heart four hours after 
the onset. One died thirty hours after onset with gradually developing 
edema of the lungs. One other died twenty-one days from the onset with 
recurrence of symptoms on the thirteenth day. Tachycardia developed 
en the seventeenth day lasting four days until the heart ceased from 
exhaustion. 

The details of some otf these deaths are rather interesting. Four in the 
acute stage happened in much the same manner. All had passed the 
stage of pain. One who had been restricted with the greatest care had 
reached the fourteenth day. In the night, while he slept, the nurse who 
sat at his bedside noticed a sudden change in his breathing. She tried at 
once for his pulse which was imperceptible. He gasped a few times and 
was dead. This patient had had three attacks of auricular fibrillation 
varying in length from two to sixteen hours each during the time of his 
illness. They had made him a trifle uncomfortable but had not incon- 
venienced him seriously. The pulse rate during the fibrillation was not 
very rapid, about 120. 

Another suffered agonizing pain for the first couple of days and 
developed considerable fever. In a few days the pain and fever subsided 
and he was quite comfortable. He was using great care to avoid exer- 
tion. On the seventh day he felt so well that he insisted on seeing his 
secretary. While lying flat in bed giving her some directions he suddenly 
became cyanotic, gasped a few times, and died. 

A third complained of such pain on the first day that he said if not 
relieved he knew he could not live. On the second day there was a peri- 
cardial friction sound. He then gradually improved and reached the 
ninth day and was beginning to ask for the privilege of sitting up when 
on the afternoon of that day he had some recurrence of the pain. This 
was relieved in a few hours and he was talking with his wife as to the 
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chances for his recovery and about some of their plans. In less than a 
minute from the time they finished talking he was dead. 

A fourth, also desperately ill at the onset, had shown much improve- 
ment and had reached the seventh day of his illness. He had a very com- 
fortable afternoon. Upon awakening from a nap he complained of not 
feeling quite so well and died in about twenty minutes. In this instance 
there were premonitary symptoms at the end. Had there been an oppor- 
tunity for observing the pulse or listening to the heart beat it might 
have been possible, perhaps, to determine what disturbance of rhythm, if 
any, was occurring and in that way to have obtained a clue as to what 
happened. 

Of the two cases which seemed to die from heart-block one was ill for 
four days only. He was desperately ill from the start and there seemed 
little chance for his recovery. <A pericardial friction sound developed on 
the second day. His pulse was extremely variable, from 40 to 120. At 
times it could not be felt. During the last day he had numerous convul- 
sions. The nurse described one of these convulsions as follows, ‘‘ The 
pulse was very slow for a few seconds, then could not be felt at all, and 
then the patient became rigid, the pulse remaining absent for a short 
time, then it reappeared increasing in rate to about one hundred.’’ 
He finally died in a convulsion. These were probably reeurrent attacks 
of Adams-Stokes’ syndrome. The other patient, to whom it seemed rea- 
sonable to assign heart-block as the cause of death, died two and one-half 
years after the coronary occlusion. The onset was complicated by pul- 
monary signs and the condition at the time was considered to be broncho- 
pneumonia. One month after the onset an electrocardiogram was taken 
which showed the characteristic V-shaped T-wave. The electrocardio- 
gram was repeated during the next four months and by that time the 
T-wave had returned to normal. The patient was not seen then for some 
time. Two and one-half years later he was in the country one Sunday 
afternoon working about his place when he had a fainting attack. <Ae- 
cording to friends who were with him he had a convulsion and was 
unconscious for a time. He was able to get back to the city and when 
seen that night at nine o’clock seemed quite himself although he com- 
plained of having bitten his tongue. He was advised not to go to busi- 
ness for a few days. He got up the next morning as usual, dressed, had 
breakfast, and went to the telephone to say that he would not be at his 
office that day. While telephoning he fell dead. The attack on the 
previous day in this case could hardly have been either ventricular 
fibrillation, pulmonary embolism, or ruptured heart. It might have 
been heart-block with a resumption of the rhythm, and a reasonable sup- 
position would be that the same cause was operating the next day, this 
time resulting in death. 

Another ease, seen by the writer at the moment of death, had had some 
attacks of angina, but not serious ones. He had this final attack while 
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at the Country Club where he had been for lunch, He, at the moment, 
was sitting on the bench discussing whether he felt well enough to come 
to the city when suddenly in rather a startled tone he exclaimed, ‘‘I fee] 
faint.’’ He fell over at once unconscious. His pulse, which. had been of 
good character up to that moment, could not be felt. There were a few 
convulsive movements during which there appeared the most extraor- 
dinarily rapidly developing cyanosis and the patient was dead within a 
fraction of a minute. It is quite a matter of conjecture which of the four 
usual causes of sudden death operated in this ease. From the history the 
least likely cause would seem to be heart rupture or a pulmonary embolus. 
The great suddenness with which the pulse disappeared with no previous 
change in the rhythm suggests fibrillation as the greatest probability. 

One very interesting case from the point of view of prognosis may be 
mentioned. A man of forty-six, foreman in a mill, who gave a character- 
istie history of an attack of coronary thrombosis, was seen in the office a 
month later where a confirmatory electrocardiogram was obtained. He 
was not seen again. However, it was learned that he had in the course of 
a year apparently quite recovered and had gone back to his original 
work, that he seemed to be as well as ever and that he would take 
Sunday walks of four or five miles with comfort. About a month before 
he died—four years after the onset—he had been apparently as well as 
usual on that day and went to bed seeming perfectly well. Soon after 
going to bed his wife noticed some peculiarity in his breathing, turned 
on the light, and found that he was dead. I have seen, at least I have 
recognized, no other case of such long duration. 

Another type of death is illustrated by a patient who lived for twenty- 
one days. At the onset it seemed like a rather mild attack of angina 
pectoris, unusually resistant to morphine. There was considerable im- 
provement for a week and then a pericardial friction sound was disecov- 
ered, possibly from some further infection. On the seventeenth day he 
developed a tachycardia at the rate of about one hundred and fifty, which 
persisted for four days, death occurring finally from cardiae exhaustion. 

It is perhaps dangerous to form conelusions without any more positive 
data than can be given in such a series of observations. On the other 
hand, it may be profitable to give one’s impressions. As stated in the 
beginning, it is difficult to prove which is the faulty mechanism at the 
end. Those of us who have had considerable autopsy experience know 
that a ruptured heart is very infrequently seen. It is also true that an 
embolus sufficiently large to block the main pulmonary artery is rarely 
found in this condition at autopsy. That leaves for consideration ven- 
tricular fibrillation, heart-block, and the possibility of death from vagus 
inhibition. The main bundle of the conducting system has its own blood 
supply, usually a branch from the right coronary and if this vessel should 
be involved, heart-block would likely occur. Finally, when one considers 
the rarity of thrombosis of the right coronary and the comparative fre- 
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quency with which ventricular fibrillation occurs when an artery is ex- 
perimentally occluded, there would seem good reason for believing that 
ventricular fibrillation is the most common cause of sudden death in this 
condition. 

This mechanism may also be the explanation of many cases of sudden 
death which oceur without any previous warning symptoms. Experi- 
mental work has shown that ventricular fibrillation may develop quite 
soon after the coronary vessel is obstructed. In those cases of sudden 
death in which there has never been any demonstrable signs or symptoms 
of eardiae disease it may be that a small deep seated sclerotic vessel be- 
comes occluded without causing any symptoms before the onset of fibril- 
lation. In those cases which seem to be having very satisfactory econ- 
valescence following coronary thrombosis but which suddenly die it is 
possible also that the ventricle is excited into fibrillation by the extension 
of the thrombus into a new area. This explanation is supported by the 
fact that in some instances there has been a short period preceding death 
during which the patient complains of discomfort or in general of not 
feeling quite so well. 


VASODILATATION FOLLOWING SYMPATHETIC 
NEURECTOMY* 


GrorGE E. Brown, M.D., Aanp LEonarD G. RownTREE, M.D., 
RocHESTER, MINN. 


HE profession is indebted to Maurice Raynaud, to Weir Mitchell 

and to Buerger for the three classical studies which have made 
possible the differentiation of the various vascular and vasomotor dis- 
eases of the extremities. Buerger’s recognition of a new entity, 
thromboangiitis obliterans, has markedly simplified diagnosis in what 
has been hitherto an extremely difficult field. 

In the Mayo Clinie a special section on medicine has been assigned 
for the study and eare of vascular diseases. Patients with vascular 
disease are placed in a hospital and, even if this disease is surgical in 
nature, they are supervised by the medical staff before and after 
operation. Through the cooperation of the Section on Physics special 
facilities have been provided for calorimetric studies, the measure- 
ment of heat production and radiation,in the extremities, and for 
recording skin surface temperature. The color of the skin, the capil- 
lary reactions and the changes in the volume of the blood have also 
been studied. Capillary microphotography has been perfected to 
the point of being clinically applicable. 

In the earlier period of our work, the treatment of thromboangilitis 
obliterans was attempted on medical lines and consisted of (1) the ad- 
ministration of vasodilating drugs such as nitrites and citrates, (2) 
the daily administration of 6 to 12 liters of Ringer’s solution as sug- 
gested by McArthur, and (3) the prolonged application of moderate 
heat, the employment of contrast baths, postural exercises and so 
forth. In Raynaud’s disease, and allied vasomotor disturbances, vas- 
cular reeducation was attempted through forms of hydrotherapy and 
body air baths, alternate use of hot and cold showers, foot plunges, 
and so forth. But the results of medical treatment were not entirely 
satisfactory and the surgeons were requested to participate in treat- 
ment in the hope that, through surgical procedures, relief from pain 
might be secured. Our eases fall logically into two series: those in 
which the Leriche-Handley operation was performed and those in 
which sympathetic neurectomy was performed. 

During the last three years, approximately fifty patients with 
Buerger’s disease liave been admitted to the hospital and studied. 


-_ the Division of Medicine, Mayo Clinic and the Mayo Foundation, Rochester, 
Minnesota. 

Read before the American Society of Clinical Investigation, Washington, D. C., 
May 4, 1925. 
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About half the patients were Hebrews. In one-third of the patients, 
the upper as well as the lower extremities were affected. A true 
instance of this disease was encountered once in a woman. The age 
incidence varied from seventeen to forty-eight years. 


THE RESULTS OF THE LERICHE-HANDLEY OPERATION 


Organic Obliterative Group.—In our first series of cases, twenty-four 
Leriche-Handley operations were performed on seventeen patients. 
This operation consists of stripping the adventitia from the vessel for 
a distance of about 2.5 em. after its injection with 95 per cent alcohol. 
The results in Buerger’s disease were practically negligible in all ex- 
cept one case. This was the case of a young man in whom all four 
extremities were affected but in whom there were superimposed vaso- 
plastic phenomena suggesting those observed in Raynaud’s disease. 
The operation was performed on the right arm and right leg. Decided 
benefit resulted from the standpoint of relief from pain. Subsequently, 
the disease progressed on the left side to the point where, on the 
patient’s return to the clinic, amputation of the leg was necessary. 
The condition of the right leg continues to be satisfactory after twenty- 
eight months. Calorimetrie studies with the Stewart-Kegerreis calo- 
rimeter, however, failed to demonstrate changes in the production of 
heat. 

The gross appearance of the femoral and brachial arteries in 
thromboangiitis obliterans was fairly characteristic. Some degree of 
periarterial inflammation, with infection of the adventitial fibrous net- 
work, was observed in every proved ease. The inflammatory peri- 
arteritis made the dissection of artery from vein difficult. This was 
not observed in the arteriosclerotic type of vessel. 

Operations in three cases of endarteritis obliterans failed to accom- 
plish anything. Because results were not satisfactory, the Leriche- 
Handley operation has been abandoned in the obstructive type of 
vascular lesion. 

A unilateral operation was performed in one case of erythromelalgia. 
The condition had lasted twenty years and the symptoms were so 
severe that in order to avoid the pain which resulted from walking, 
the patient had crawled on hands and knees for several years. The 
operation brought no relief. The perivascular injection of alcohol in 
a second case also failed to relieve. 

Vasomotor Group.—tThe first series also includes two eases of Ray- 
naud’s disease which were subjected to the same procedure. At oper- 
ation no demonstrable periarteritis or changes in the gross appearance 
of the exposed vessels were observed. In the first case the result was 
negligible. In the second, bilateral operations were performed on 
the arms with excellent results on the left and failure on the right. 
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The nature of the results in each instance were immediately apparent. 
On the left side cyanosis promptly disappeared at room temperature 
and the attacks of tingling and burning were also relieved. Fig, 1 
indicates the heat curves of the left hand before and after operation. 
A comparison of the postoperative heat curves taken at intervals of 
three days showed that the period of maximal vasodilatation occurred 
in from five to eight days. Two weeks after operation there was a 
decrease, and the values were about the same as before operation. 
The surgeon ascribed the failure of results in the right arm to the 
fact that the breaking of a small arterial twig necessitated ligation 
which mechanically or through reflex irritation stimulated the vessel 
wall to vasoconstriction at this point. During the operation and fol- 
lowing ligation of the twig, a marked spasm of the brachial artery 
occurred and persisted for several hours. Pulsations were not felt in 
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Fig. 1.—Heat curves showing slight increase in heat production and radiation of the 
left hand after operation. 

the radial artery. The contraction was distinctly segmental, involving 
about 2.5 em. of the vessel (Fig. 2). The spasm was not intermittent, 
the contracture persisting continuously during the twenty minute 
period of observation. Five hours later normal radial pulsation was 
observed. The patient is highly gratified so far over the results ob- 
tained in the left arm. 

The Hypertension and Nephritis Group.—During the course of these 


studies it occurred to us that relief from hypertension might be at- 
tained through the release of the vessels of an extremity from sym- 
pathetic vasoconstriction. Consequently a Leriche-Handley operation 
was performed under local anesthesia on the left femoral artery in 
Searpa’s triangle of a patient suffering from marked hypertension, 
chronic nephritis, arteriosclerosis, and terminal uremia: The course 
of the disease was in no way affected, and no significant change in the 
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general blood pressure or that in either extremity could be determined. 
It was felt, however, that this was hardly a fair test since the patient 
was not far from moribund at the time of the operation. 


THE RESULTS OF LUMBAR SYMPATHETIC NEURECTOMY 


Calorimetric Studies in Spastic Paraplegia.—Physiological studies to 
determine the vasomotor effect of bilateral lumbar sympathetic neu- 
rectomy have been carried out in a group of cases of spastic paraplegia 
and form the basis of a separate study. In a group of five patients with 
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Fig. 2.-—-Spasm of brachial artery during operation. 


spastic paraplegia in whom lumbar sympathetic neurectomy through 
the abdominal route was performed, careful clinical observations were 
made, the temperature of the skin was determined, the capillaries 
were studied, and the heat production and radiation were determined 
by the Stewart-Kegerreis calorimeter before and after operation (Fig. 
3). After operation it was found that heat production and condue- 
tion in the feet were increased by from 200 to 900 per cent. There 
was an increase in the temperature of the skin of the feet of from 
2 to 6° C. In the preoperative determinations of the temperature of 
the skin, the normal decrease in the temperature towards the periph- 
ery was observed. Following operation the reverse was noted and the 
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feet became relatively warmer. The skin was strikingly dry and 
there was no sweating. The skin of the feet became scaly, and in one 
ease partial skin casts. of the soles of the feet were exfoliated. The 
color changes were slight and were not invariably present. They 
consisted of rubor along the toes and the margins of the feet. The 
subjective sensations in the most striking cases were similar to those 
experienced in cases of mild erythromelalgia. Burning sensations, 
aggravated by heat and relieved by cold, and dryness of skin were 
marked. Muscle cramps were complained of in two eases. 

The vasodilatation, following the removal of the second, third, and 
fourth lumbar ganglia with the sympathetic trunk and the division of 
the rami, suggested the application of this procedure to the treatment 
of vasospastic conditions such as Raynaud’s disease, and a bilateral 
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Fig. 3.—Heat curves showing increased heat production and radiation of the foot 
following operation. 


lumbar sympathetic neurectomy, with stripping of the adventitial 
coat of the common iliac artery, was performed on a patient with well- 
defined Raynaud’s disease of the feet. Calorimetric studies following 
operation showed that vasodilatation had occurred; the vasomotor 
phenomena disappeared and the superficial ulcers of the skin healed 
rapidly. This case, and one in which cervical sympathetic neurectomy 
was performed for Raynaud’s disease of the upper extremities, will be 
reported elsewhere. 


Malignant Hypertension—The application of sympathetic neurec- 
tomy in the treatment of hypertension was considered. We believed 
that this might not only lower systemic blood pressure but provide an 
area of diminished resistance which would give way under strain for 
the protection of cerebral and retinal vessels. Although no demon- 
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strable effects on systemic blood pressure have been observed in the 
normal pressure cases in which sympathetic neurectomy has been 
performed, it seemed possible that if the hypertension were marked 
there would be a certain reduction of systemic blood pressure. The 
ease reported here represents an example of early malignant hyper- 
tension of the group such as has been described by Wagener and 


Keith. 
REPORT OF A CASE* 


A man, aged thirty-three, was admitted at the Mayo Clinic, November 19, 1924, 
complaining of blurring of vision and headache. He had had acute rheumatic fever 
in 1917, and influenza in 1918. His increased blood pressure was discovered in 
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Fig. 4.—Heat curves showing marked increase of heat production and radiation in 
the foot following operation. 


1919, at which time the systolic pressure was 190 mm. The following year he suf- 
fered from occipital headaches, nausea and vomiting, most marked in the forenoon. 
In March of this year his vision began to fail and he noticed increasing blind spots 
in each eye. 

On admission he weighed 185 pounds. The peripheral vessels were moderately 
sclerosed and the heart slightly enlarged. The systolic blood pressure was 230 mm., 
the diastolic 130 mm. There was slight edema of the discs, ectton-wool exudates 
and hemorrhages involving the left macular region, with contraction in the retinal 
arteries. The renal function was excellent. The electrocardiogram showed no sig- 
nificant changes. Our diagnosis was early malignant hypertension. The patient 
was admitted to the hospital, but he did not respond at all well to the routine treat- 
ment, rest, nitrites and hydrotherapy. Because of the absence of marked organic 
changes the possibility of relief by abdominal sympathetic neurectomy was discussed 


*The studies of the blood pressure and calorimetric data in this case will be in- 
cluded in a separate report. 
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with him. As he was very anxious to have any procedure tried, even if admittedly 
experimental in nature, the operation was performed. His average systolic blood 
pressure under medical treatment ranged from 170 to 200, and the diastolic from 
90 to 130. When he came to the operating room the systolic blood pressure was 
255, the diastolic 90. The second, third and fourth lumbar segments of the sympa- 
thetic chain were severed, together with the ganglia, and the rami. 

The patient’s recovery was uneventful. The day following operation he com- 
plained of a sensation of heat and burning in the feet and legs. These were dry 
and red, especially on the soles. The skin became dry and scaly. Skin temperature 
determinations were carried out, and it was noted that the tempprature was very 
definitely increased in both feet. Calorimetric studies of heat production by means 
of the Stewart-Kegerreis calorimeter showed an increase of 300 per cent in heat 
production and heat radiation (Fig. 4). The blood pressure level was distinetly 
lowered.. Two weeks after the operation the headaches had disappeared, and vision 
had improved materially so that the patient could read almost any print with com- 
fort. While he was up and about, the blood pressure gradually mounted. His 
response to nitrites and hypertension baths was much better than befpre the opera- 
tion. <A letter received four and one-half months after operation expresses great 
satisfaction over the subjective improvement. Six months after operation his blood 
pressure, taken by his local physician, was 220 systolic and 120 diastolic. Head- 
ache oceurred occasionally. 


While the outcome of this operation was not entirely satisfactory 
yet there was definite subjective and objective improvement. The 
patient has worked continuously, and without discomfort since his 
return home, although he had been entirely ineapacitated prior to 
coming to Rochester. The time elapsing is too short to form a final 


conclusion concerning ultimate results. 


THE EFFECT OF SLEEP ON NORMAL AND HIGH BLOOD 
PRESSU RE* 


H. E. CAMPBELL, M.D., AND M. A. BLANKENHORN, M.D., 
CLEVELAND, OnI10 


|’ is commonly accepted as fact that blood pressure in man is so vari- 
able that single and isolated observations often lead to wrong con- 
elusions. Granting that methods now practiced are accurate, we must 
make many allowances for physical, psychic and metabolic activity be- 
fore we can estimate from blood pressure what work the heart is doing 
or what stress the vaseular structures must bear. These variable 
factors are most constant in sleep, and sleep comprises one-fourth to 
one-third of our entire living, but very little is known of the normal 
blood pressure in sleep-.and even less of pathological blood pressures. 
Mechanical difficulties alone interfere with practical measurement of 
the blood pressure in sleep, for such investigation as has been done 
shows that the practice does not necessarily interrupt natural sleep, 
nor is it apparent that when partial or transient waking is produced, 
blood pressure changes before a reading can be made. 

Leonard Hill,’ studying the blood pressure of a normal young man 
during sleep, using his own apparatus and recording mean blood pres- 
sure, as estimated from maximum oscillations, determined that there 
was little if any change of blood pressure caused by falling asleep. 
Quite different observations were made by Brush and Fayerweather* 
in 1904, who used a plethysmograph method in a greater number of 
subjects. They found a substantial fall of blood pressure in the first 
two hours of sleep followed by a continuous rise as sleep was pro- 
longed—going to a point higher than before sleep appeared. We find 
much difficulty harmonizing their reports with any subsequent work 
because it deals with the so-called ‘‘mean pressure.’’ 

Brooks and Carroll* in 1912 recorded the true systolic pressure of 30 
normals but it does not appear in their reports just how frequently 
and how regularly readings were made. It is quite certain that the 
first two hours of sleep were those most studied—which puts some 
doubt on the value of their conclusions that the blood pressure is 
lowest in the first two hours of sleep. 

Our own observations include both systolic and diastolic pressures, 
as recorded by an apparatus of original design described by one of us 
(M. A. B.)' and somewhat further developed by the other. This appa- 
ratus since its original description has been improved by an automatic 


*From the Medical Department of Western Reserve University and of Lakeside 
Hospital, Cleveland, Ohio. 
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release, which prevents unnecessary compression of the arm after dias- 
tolic pressure has been recorded, thus permitting more uninterrupted 
sleep. A further improvement in technic has developed from a better 
understanding of oscillometer tracings. Practically all records now 
ean be read for systolic and diastolic pressures. The diastolic is espe- 
cially distinct when the tracings are viewed almost parallel to the line 
of vision. With the waves thus foreshortened, the peaks can be seen 
forming a line which follows a definite course with the increment and 
decrement of oscillation, but the decrement is not absolutely uniform 
and a break in the line representing a decrease in the decrement has 
been found to correspond to the diastolic pressure. That such is 
actually the case in each subject studied was determined by listening 
in with the stethoscope while preliminary tracings were being made. 
By -a signalling device the Korotkoff sounds can be accurately located 
on the oscillometer tracing and the criteria thus compared directly. 

With this equipment 25 normal young men were studied when just 
about to be discharged from hospital after minor ailments. They were 
put back in bed and kept continuously at rest for the experiment, so 
that approximately basal conditions obtained. Continuous records were 
not made during the day, and all feeding and other activity necessary 
to care limited to the day. From twelve to twenty-four hourly ree- 
ords were made by the automatic device and the sleeping state was 
recorded by a nurse. These records are averaged and arranged with 
reference to the act of falling asleep and of waking, so that the 
arrangement constructs a curve. 

While not all of the 25 slept exactly eight hours, the curve (Fig. 1) 
represents the exact average of 25 in the sleeping and waking peri- 
ods. But the middle portion of the sleeping curve is, therefore, an 
average of less than 25. 

In nearly every case the position of the patient at the moment of 
registration was noted to determine whether he lay on back, right or 
left side, so that a correction necessary for posture could be applied 
to the reading. This curve, corrected and uncorrected, shows an abrupt 
drop in the first two hours of sleep followed by a gradual and con- 
tinued decline as sleep was prolonged. Accompanying the blood pres- 
sure curve is another representing the pulse rate at the moment blood 
pressure was recorded; this information can be read directly from 
tracings produced by the instrument. <A very striking parallel be- 
tween blood pressure and pulse rate was noted. It must be remem- 
bered that these very low blood pressure figures, 110 waking and 101 
sleeping, were obtained under practically basal conditions. 

High blood pressure in sleep has been the subject of investigation 
in at least four instances, viz., by Brooks and Carroll’; by 
Miiller? in 1921; Blume? in 1922, and Katsch and Pansdorf® in 1922. 
In the more recent reports it is noted that some patients experience a 
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fall of blood pressure in sleep and others do not—but in no report 
does it appear that methods were elaborated so that records could be 
made at frequent intervals throughout the night. The general belief 
that the greatest drop occurs in the first two hours of sleep has pre- 
vailed, so that principally that part of sleep has been studied to the 
exclusion of the rest. From our studies on normals as well as abnor- 
mals we are certain that the later hours of sleep are very important 
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Fig. 1—Blood pressure and pulse rate by automatic hourly registration of twenty-five 
normals. 


and in light sleepers that the later hours of the night are the most 
important. 

It is surprising and somewhat disappointing that blood pressure ree- 
ords in sleep have been so little used in the clinic when a priori they 
should be so useful. The labor of making such records within the 
first two hours of sleep is doubtless the greatest reason for their un- 
popularity. Our studies on the normal as well as on those with high 
blood pressure show that readings taken any time after sleep is well 
established should show a fall if the subject be physiologically capable 
of permitting a fall of blood pressure to occur. 
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Thirty-six patients in hospital, with high blood pressure, were 
studied by hourly automatic registration in the same manner as the 
twenty-five normals cited above. A few were observed for but a sin- 
gle night, but the majority were repeatedly observed, and the entire 
record tabulated for purposes of study. Unless the patient willingly 
tolerated the tests and agreed that the testing did not interfere with 
sleep his record was not included in the report. A few such subjects 
either as too ill, too nervous 


were rejected as unsuitable for study 
or suspicious of experiments. All were studied and recorded by the 
usual technic as to physical description, urinalysis, blood analysis 
and kidney function tests, together with a blood pressure record made 
in the ordinary manner sometime during the first hospital day. 

Table I is a tabulation of all the data thus obtained. For com- 
parison the entire group has been arbitrarily divided into two sub- 
groups: Group A whose average minimum systolic pressure in sleep 
is below 100 plus the patient’s age and is presumably normal; Group B 
whose average minimum sleeping pressure is above this arbitrary 
standard and, therefore, is abnormal. 

We could not construct a curve showing the effect of sleep on 
high blood pressure after the manner of the twenty-five normals. All 
degrees of high blood pressure are represented in this study together 
with all degrees of sclerosis, nephritis and heart disease. In this 
heterogeneous class, blood pressure curves of all variety are found so 
that graphie generalization is impossible. 

In general there is greater variation from hour to hour in both the 
waking and the sleeping states than is seen among normals. There 
is also less total sleep and less uniformity of the hours of sleeping 
and waking, due no doubt to the fact that all patients in this group 
were ill. 

Contrary to the findings of Brooks and Carroll our patients showed 
a fall of blood pressure in sleep inversely proportional to the waking 
pressure—that is, the higher the waking pressure, the less the fall 
due to sleep. Only one, No. 40, showed a sleeping pressure (90-55) 
which could be called normal by the standard we have established. 
Every patient in the entire group showed some fall during sleep when 
the average waking pressure was compared with the minimum sleep- 
ing pressure. When the average hourly waking pressure was com- 
pared with the average hourly sleeping pressure, the fall in all cases 
is less, and in some instances there is absolutely no difference—that 
is, no fall during sleep. 


The greatest contrast is seen when the maximum waking pressure 
is compared with the minimum sleeping pressure. This was for the 
two groups as follows: 
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Group B A 
Average of all days 
Maximum waking systolic 252 192 
Maximum waking diastolic 140 114 
Average of all nights 
Minimum sleeping systolic 195 132 
Minimum sleeping diastolic 109 79 


Considering all of the data of Table I, with the cases grouped thus, 
we see more than anything else that the group B, showing little or no 
fall, had more evidence of disease, greater disability, stayed longer in 
the hospital, and had higher day pressure. Group A had less evidence 
of disease, less disability, stayed shorter time in hospital and had less 
elevation of blood pressure. 


SUMMARY 


Twenty-five normal young men at basal conditions showed a drop 
of blood pressure from 110 to 101 by falling asleep. 

In normals the greatest drop, due solely to sleep, comes at about the 
fourth hour of sleep, but this lower level continues throughout the 
sleeping state. There is a slowing of pulse in sleep parallel to the 
drop in blood pressure. 

Of thirty-six patients with elevated blood pressure, but one showed 
a normal fall of blood pressure in sleep. Sixteen showed a fall due 
to sleep, which reached a level regarded as normal by ordinary eri- 
teria. Twenty showed less fall, varying from no change at all to more 
or less greater change, but remaining abnormal throughout. 

Patients whose blood pressure fell to normal in sleep had less evi- 
dence of disease, less disability and less elevation of blood pressure. 
Patients who maintained an elevated blood pressure in sleep showed 
more signs of disease, had more disability and more elevation of blood 
pressure. 
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VENOUS PRESSURE RESPONSES TO EXERCISE IN PATIENTS 
WITH HEART DISEASE* 


H. L. Wurre, M.D., 8. Barker, M.D., anp Durr S. ALLEN, M.D.. 
Saint Louis, Mo. 


NUMBER of reports of isolated determinations of venous pres- 

sure in various types of cardiac disorder may be found in the 
literature. Consistent series of determinations in which the venous 
pressure has been followed from day to day as an index of the progress 
of the ease have been reported by Clark’ and by Eyster and Middleton.2 
The findings may be briefly stated as those of a high venous pressure 
with eardiae decompensation, the pressure falling as compensation 
is reestablished. We have not found any report in which the 
venous pressure response to exercise has been followed in eases of 
circulatory disturbance. 

One of us® has recently reported on the venous pressure response to 
light or moderate exercise in normal individuals. A general statement 
concerning the exercise venous pressure curves is that a typical normal 
response consists of a rise of a few centimeters of water at the onset of 
exercise followed by a fall coming on after five to ten minutes. The 
extent of this fall may be such that the venous pressure has returned 
to its control or resting level while the exercise is still in progress. 
On cessation of exercise the pressure drops immediately to the resting 
level; if it has already reached the resting level before the exercise 
stops there is usually a slight further drop to a subeontrol level. Sub- 
sequent work has shown that on heavy exercise normal individuals 
show a rise of venous pressure which may or may not be followed by 
the secondary fall. It appears that the closer one is to the limit of 
his working capacity the less is the possibility of the venous pressure’s 
falling during the progress of the exercise. In every case, however, 
the pressure in normal individuals drops to or below the control level 
immediately on cessation of exercise. These results have been inter- 
preted as evidence of a diminution in diastolic heart tone coming on 
during the exercise. The argument supporting this interpretation has 
been advanced in previous publications*® * and will not be repeated here. 

The work reported here is an investigation of the exercise venous 
pressure curves on a few cases of various types of cardiac involvement. 
It seemed probable that patients with clinical manifestations of heart 
disease would show a curve different from that of a normal individual 
on the same amount and rate of exercise. The normal subject fails 


*From the Departments of Physiology, Internal Medicine and Surgery, Washing- 
ton University, School of Medicine: and the Barnes Hospital. 
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to show, or at least shows to a less extent, the secondary fall in pres- 
sure when the rate of work approaches his maximum. It might be 
expected that subjects with heart disease, having a decreased capacity 
for work, would fail to show the secondary fall of venous pressure at 
a lower rate of work than would a norma! subject. <A ‘‘normal’’ curve, 
as referred to in this paper, is defined as one showing a secondary fall 
during exercise. It has been established* that subjects with clinically 


‘‘normal’’ curve on moderate exercise, about 


normal hearts exhibit a 


TABLE I 


RESPONSE TO EXERCISE OF VENOUS PRESSURE (IN CENTIMETERS OF WATER) 
“Case B. C. B. N. F. 8. G. S. M. W. M. A.S. 
11 10 16.5 12.5 14 21 9.5 
ew 11 10 17.5 13 14 21 9.5 
Zz 11 10.5 17 12.5 13 21 9.5 
> > 17 12.5 14 21 
13 
avo 
Min. 12.5 
— a 12 14 1s 13 14 9 
2 19.5 14 13 ap 9.5 
3 12 14 21 15 13 a 8.5 
22 15 13 8.5 
5 11 15 21 13 = 9 
6 20.5 13 be 9 
7 12 16.5 1 15 = 9 
“ 8 22 13 S 9.5 
9 14 24 12 8.5 
10 25 11 8 
bd 11 11 14 25.5 11 8 
12 11 8 
13 10 13 11 = 8 
14 11 
15 10 12 11 S 8 
16 
17 9.5 12 5 
18 
19 10 12 
1 9.5 10.5 25 15 9.5 28 i 
2 23.5 15 9 j 
3 9 11 23 14.5 9 27 8 
4 23 14.5 9 9 
2 5 9 11 21 14 10 22 8.5 
5 6 20.5 14 11 9 
ee 7 9 10 19.5 13.5 a3 22 9.5 
ra 8 20 13.5 11 9 
i i) 9 10.5 18.5 13.5 11 22 9 
I 10 19.5 13 10 9 
> 11 9 11 19 11 21 9.5 
si 12 19 10.5 9 
° 13 10 11 18.5 11 22 9 
3 14 9.5 18.5 11 9 
2 15 9.5 11 18.5 11 21 9 
16 10 
17 10.5 
18 9.5 
19 10.5 
20 9.5 


C. B. submitted to two observations, doing more work during the second. S. G. 
stopped after four minutes of exercise because of exhaustion. 
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300-400 kilogram meters per minute. In the present work we have 
followed the venous pressure curves of cardiac cases at rates of work 
even lower than this. In a word it may be said that patients with 
obviously affected hearts exhibit at very low rates of work (150-250 
kilogram meters per minute) the venous pressure response which is 
seen in normal individuals only as the limit of their working capacity 
is approached (around 1000 kilogram meters per minute). 

The determinations were made on patients working in a chair ergom- 
eter. Venous pressure readings were made by a modification® of 
Hooker’s® apparatus. Respiratory rate, pulse rate and arterial pres- 
sure were also followed. The arterial pressure readings were made 
simultaneously by the Erlanger instrument and by the auscultatory 
method, the auscultatory systolic and diastolie criteria being elee- 
trically signalled on the same drum on which the graphic record was 
made. The two methods gave closely concordant figures. After the 
control readings the subject began to exercise, lifting weights on a 
pulley system by alternate flexion and extension of the lower extrem- 
ities. The exercise usually continued for fifteen minutes, the readings 
being made every minute during the exercise and for fifteen minutes 
after its cessation. The venous pressure data are seen in Table I. 


CASE REPORTS 


CasE 1.—C. B., Male, aged fifty-one, letter carrier. The present illness began 
suddenly two months previously with pain under the lower part of the sternum and in 
the epigastrium. Breathlessness on exertion and weakness and a slow pulse were 
soon noted. The physical findings included an enlarged heart, dullness extending 
11.5 em. to the left, a systolic murmur at the apex, and a heart rate of 40. The 
blood pressure was 170 mm. systolic and 65 diastolic. There was moderate sclerosis 
of the peripheral arteries. The abdomen and lungs were negative and there was 
no edema. The blood Wassermann was negative. The urine showed a high specific 
gravity and occasionally albumin, casts, and red cells. The electrocardiogram 
showed complete A-V heart-block. 

Diagnosis.—Chroniec myocarditis, complete A-V_ heart-block, general arterio- 
sclerosis, and hypertension. 


CasE 2.—N. F., Male, aged twenty-three, waiter. The past history revealed 
no etiology for the present illness. For the past six months there had been breath- 
lessness on exertion and for four months palpitation and edema of the legs. The 
phyeical examination revealed rather poor nutrition, ragged tonsils, and normal lung 
signs. The heart was enlarged, dullness extending 11 em. to the left, with a dif- 
fuse precordial pulsation, and at the mitral area systolic and diastolic murmurs 
and a diastolic thrill. The rhythm was that of auricular fibrillation. The liver 
was enlarged to 7 cm. below the costal margin. There was ascites, but no edema. 
The blood Wassermann was negative. The urine showed a trace of albumin and a 
high specific gravity. 

Diagnosis.—Mitral stenosis and regurgitation, chronie myocarditis, auricular 
fibrillation, chronic passive congestion of the liver and kidneys, and ascites. 


CasE 3.—S. G., Female, aged forty, housekeeper. The past history included 
rheumatic fever at twelve and twenty-five, and chorea at twelve years. For the 
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last nine years there have been dyspnea and some cough. Hemoptysis occurred 
nine years ago. There have been also palpitation, weakness, and occasional edema. 
The physical findings were dyspnea and cyanosis, and enlarged heart, and rales 
throughout both lungs. The cardiac dullness extended 14 em. to the left, and 
there were systolic and presystolic murmurs, a loud first sound, and a presystolic 
thrill at the apex. The rhythm was regular, the rate 80, the blood pressure 114 mm. 
systolic and 76 diastolic. The liver was not enlarged and there was no edema. 
The blood Wassermann was negative. 

Diagnosis.—Mitral stenosis and regurgitation, chronie myocarditis, and chronic 
passive congestion of the lungs. 


Case 4.—S. M., Male, aged fifty-three, meat eutter. The history was merely 
of pain in the left chest and breathlessness of two months’ duration. The physical 
examination revealed an effusion into the left pleural cavity, moderate sclerosis of the 
peripheral arteries, a moderately enlarged heart and a blood pressure of 210 mm. 
systolic and 115 diastolic. The urine contained numerous casts, a few white cells and 
red cells, and a large amount of albumin, with a low specific gravity. 

Diagnosis.—Chronic diffuse nephritis, hypertension, general arteriosclerosis and 
myocarditis. 


CAsE 5.—W. M., Male, aged thirty-seven, foreman. The patient had diphtheria 
at nine years and ‘‘chancroid’’ at eighteen. For the last two years he has had 
dyspnea and cough, and at times orthopnea. There have been present also weak- 
ness and palpitation, and at times pain under the right costal margin and edema 
of the legs. Physical examination showed slight cyanosis, irregular pupils, rales 
throughout both lungs, and an enlarged heart, dullness extending 11.5 em. to the 
jleft. There were aortic systolic and diastolic murmurs, a Corrigan pulse, and a 
blood pressure of 170 mm. systolic and 40 diastolic. The rhythm was regular, the 
rate 76. The liver extended 5 em. below the costal margin. There was no edema. 
The blood Wassermann was positive and the urine contained albumin and easts. 

Diagnosis.—Aortie regurgitation, chronic myocarditis, dilatation of the arch of 
the aorta, and syphilis. 


Case 6.—A. S., Colored Male, aged twenty-four, laborer. The history revealed 
swelling and pain in the knees and wrists at 12, lasting two years. The eyes be- 
came ‘‘yellow’’ at twelve. Ulcers developed on the legs at sixteen and have per- 
sisted. Breathlessness on exertion has been present for three years, and swelling 
of the ankles for one year. Weakness had been present for several weeks. Physical 
examination showed fair nutrition, pallor of the nail beds and greenish sclerae. The 
cardiac dullness extended 12.5 em. to the left and there were systolic murmurs 
at the apex and pulmonic area. The lungs and abdomen were negative. There 
were ulcers of both legs, but no edema. The blood contained 2,000,000 red cells, 
12,000 white cells per cubic mm., 55 per cent hemoglobin, and many sickle-shaped red 
cells. The blood Wassermann was negative. The urine contained albumin. The 
electrocardiogram showed a P-R interval of 0.21 sec. 

Diagnosis.—Sickle cell anemia, hypertrophy of the heart, chronic myocarditis, 
and ulcers of the legs. 


To conserve space only the venous pressure data are given. 
The subjects may be identified by their initials for reference to the 
case reports. It will be noted that subjects with obvious cardiac 
decompensation show a high resting venous pressure which rises con- 
siderably on exercise, the rise being maintained throughout the exer- 
cise. Furthermore, the return to normal on cessation of exercise is 
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not immediate, as with normal subjects. Venous pressure r -adings 
were not possible on W.M. during exercise, because of the great de- 
crease in caliber of the vein. That the pressure was raised is shown 
by the fact that the readings in the post-exercise period are stil] 
considerably above the control level. A general statement, to which 
there are certain exceptions, of the behavior of the arterial pressure, 
is that the systolic is increased on exercise, the diastolic to a leon 
extent, the pulse pressure being increased. After exercise the systolic 
pressure falls, the resting level usually being reached in one minute 
in the subjects with the best compensation. The fall to the resting 
level is prolonged over two to five minutes in the poorly compensated 
eases. The diastolic pressure returns to the resting level on the first 
reading in the post-exercise period even in those cases where the 
return of the systolic is delayed. The pulse rate, except in the case 
of C.B. (complete heart block), is increased on exercise, the extent 
of the increase varying with the rate of exercise and the condition of 
the patient. The same may be said of the respiratory rate. The pulse 
rate, even in the decompensated cases, returns to normal within three 
minutes after exercise. 

At the beginning of this work it was our hope that the departure 
from the normal of the venous pressure response to exercise might be 
a relatively early manifestation of myocardial involvement. If this 
were the case, the venous pressure curve might be an objective diag- 
nostic and prognostic index in early or mild cases. We have found, 
however, that a departure from the normal curve on light exercise is 
seen only in cases where the cardiac involvement is obvious; it does 
not detect slight degrees of involvement. The procedure will serve 
as a rough index of the extent of cardiae insufficiency by determining 
the maximum rate of work at which the ‘‘normal’’ venous pressure 
curve is obtained; the less efficient the heart, the lower the rate of 
work at which the secondary fall of venous pressure fails to appear. 
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THE COMPARATIVE RATE OF ABSORPTION OF FRESH AND 
OF OLD TINCTURES OF DIGITALIS* 


Dovetas VANDERHOoor, M.D., anp Cuarues C. Haske, M.D., 
RIcHMOND, VA. 


Eien the usual frog methods for assay, investigators unanimously 
agree that tincture of digitalis loses strength with the passage of 
time. On the contrary, repeated assays on the part of ourselves and 
others by the cat method, in which the drug is introduced intra- 
venously, have given indications that deterioration of highly alcoholic 
preparations of digitalis occurs to only a slight extent. This sug- 
gests the possibility that what is interpreted as deterioration merely 
represents a change in the tincture which interferes with its absorption 
from the lymph sac of the frog. 

The difference in the results obtained by the two methods of assay 
at the time of percolation and five years later is illustrated in Table I. 
Our tineture No. 36 was percolated in the winter of 1916 from digitalis 
grown in Virginia and was assayed within three months by both the 
eat method and the official frog method. In the spring of 1922, a little 
over five years after the initial assays, the tests were repeated. These 
comparative assays show a marked loss in strength by the frog method, 
while the apparent deterioration, as determined by the cat method, is 
well within the limit of error. 


TABLE I 


TINCTURE DIGITALIS No. 36 
Tnitial and subsequent potency by different assay methods 


1917 ASSAY 1922 ASSAY PER CENT 
MG. X KG. MG. X KG. LOSS 
Frog method 0.15 0.35 57% 
Cat method 42.20 43.10 2% 


Assuming that the change in the tincture actually involves its ab- 
sorbability from the frog’s lymph sae, the question arises whether 
absorption from the alimentary tract of man is not similarly affected. 
Though it has been assumed by Paranjpe’ that absorption from the 
lymph sae of the frog parallels absorption from the human intestine, 
this has never been proved. In fact, some experimental evidence was 
brought forward by Hatcher and Eggleston? which supports the op- 
posite view. Ouabain, for example, is rapidly absorbed from the lymph 


*From the Department of Medicine and the Laboratory of Pharmacology, Medical 
College of Virginia. 

Read before the Fortieth Meeting of the Association of American Physicians, 
Washington, D. C., May 5-7, 1925. 
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sac, but is poorly absorbed from the intestines, while exactly the opposite 
is stated to be the case with digitoxin. 

In order to determine the relative absorbability of old and fresh 
tinctures, a comparison was first made on cats. In these experiments 
the procedure suggested by Hatcher was employed. The cats were 


Fig. 1—Case 1. Change in T-wave, Lead II, after a single dose of digitalis. Fresh 
tincture S-2. 

I. Before digitalis, T-wave 5.1 mm. JI. One hour after dose. T-wave 4.5 mm. 
III. Two hours after dose. T-wave 4.4 mm. IJV. Six hours after dose. T-wave 
3.4 mm. 

Total change in height of T-wave in six hours 1.7 mm., a drop of 33 per cent. 
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fasted for twenty-four hours and then were given by mouth 1 e.e. of 
the tincture per kilogram body weight diluted with nine parts of 
water. In exactly one hour the cats received an intraperitoneal injec- 
tion of chloretone, 0.2 gm. per kilogram of body weight. Shortly after 
this the animals were arranged for receiving intravenous injections 
of 1:100,000 ouabain solution. These injections were started exactly 
two hours after administration of the tincture and the rate of injection 
was 1 ¢.c. every two minutes until death occurred. The average fatal 
dose of ouabain is 0.1 mg. per kilogram of body weight, equivalent to 
10 ee. of the 1:100,000 solution. Obviously, the difference between 
this theoretical fatal dose and the dose of ouabain solution actually re- 
quired to cause death represents the amount of tincture already ab- 
sorbed, since ouabain and digitalis are truly synergistic in their lethal 
action on the cat. 

These experiments on the comparative absorbability of digitalis 
from the alimentary tract of cats were done in 1922 and we used our 
tincture No. 36, which at that time was five years old, and compared 
it with two freshly percolated tinctures. Tincture No. 36 was very 
potent with a cat unit of 41.05 mg. In Table II is shown the com- 
parison with a fresh tincture, S-1, which was also very potent with a 
eat unit of 38.44 mg. 

TABLE IT 
ABSORPTION OF DIGITALIS FROM THE ALIMENTARY TRACT OF CATS 


Comparison of a 5-year-old tincture with a fresh tincture of approximately equal 


potency 
TINCTURE CAT NUMBER OF AMOUNT ABSORBED PER CENT OF LETHAL DOSE 
USED UNIT CATS USED IN 2 HOURS ABSORBED IN 2 HOURS 
Fresh Tr. S-1 38.44 10 11.5 mg. x kg. 30.0% 
Old Tr. 36 41.05 23 8.9 mg. x kg. 21.7% 


From the results shown in Table II it is apparent that the absorption 
of digitalis from the alimentary tract of cats is definitely less in the 
ease of the old tincture when compared with a fresh tincture of ap- 
proximately equal potency, as determined by the eat (intravenous) 
method of assay. 

Comparison of the absorption of old and fresh tinctures of digitalis 
from the lymph sae of the frog with the amount of absorption from 
the intestine of cats is indicated in Table III. The figures in this table 
show that there is a definite lessening of absorbability in the case of 
the five-year-old tincture from both the lymph sae of the frog and 
from the alimentary tract of the eat. Furthermore, the degree of loss 
of absorbability of the old tincture is practically identical in the ease 
of the lymph sac of the frog and the intestine of the cat. 

Finally, it remains to be determined whether, with the lapse of time, 
a change takes place in tincture of digitalis which interferes with 
absorption from the human alimentary tract. It is very probable that 
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TABLE III 


ABSORPTION OF DIGITALIS FROM THE LYMPH SAc OF THE FROG AND FROM THE 
ALIMENTARY TRACT OF THE CAT 


“ABSORPTION ABSORPTION 


GAT CA FROG FROG 


TINCTURE 

USED ASSAY RATIO ASSAY RATIO ASSAY 2 HOURS RATIO 
Fresh Tr. S-1 38.44 100 0.25 100 30% of L.D. 100 
Old Tr. 36 11.05 94 0.35 71 21.7% of L.D. 72 


intestinal absorption in the cat and in man is parallel. This has not 
been heretofore demonstrated but our results would tend to prove it. 

In the clinical experiments, of course, the scheme of dosage is dif- 
ferent. In our tests on human individuals the tineture was given in 
a single dose in the morning on a fasting stomach. Just preceding 
this an electrocardiogram was taken to serve as a normal control, and 
further electrocardiograms were taken at varying intervals up to six 
hours after the dose was administered. The subjects were healthy 
medical students and young assistants. In order to facilitate measure- 
ment of the T-wave the galvanometer string was standardized to a 
deflection of 1.5 em. per millivolt instead of the customary 1 centi- 
meter. 

The experiments of Cohn, Fraser and Jamieson,* of White and 
Sattler,t and of Pardee,’ have shown the significance of lowering, or 
inversion, of the T-wave of the electrocardiogram as an early sign of 
the action of digitalis on the human heart. <A single dose of 14 minim 
of the tincture per pound of body weight will cause a definite flatten- 
ing or lowering of the T-wave which can be observed in from two to 
four hours and reaches its maximum in six or seven hours. 

In our experiments to compare the absorbability of old and fresh 
tinctures of digitalis from the human alimentary tract, ten subjects 
were used. In order to insure complete elimination of the previous 
dose, the second tincture was given four weeks after the first one. 
Figs. 1, 2 and 3 illustrate the type of experiment and demonstrate 


TABLE IV 


HEIGHT OF T-WAVE IN MILLIMETERS, IN LEAD II OF ELECTROCARDIOGRAM, FOLLOWING 
THE ORAL ADMINISTRATION TO HUMAN BEINGS OF A SINGLE DOSE OF A NINE- 


Tincture used F 


| | 
Before digitalis | 42 |5.1/ 42/40/54 | 41/55/54 /3.3 2.0] 4.52/| 4.12 
1 hr after dose | 3.9 | 4.5 | ... | 3.8 | 5.4 | 4.0 | | 3.3 | 2.0 | 
2 hrs after dose | 3.8 | 19] 414 | 3.64 
6 hrs after dose | 3.3 | 3.4 | 2.8 | 2.6] 3.4 | 2.8 | 46|13.9|2.6 1.4] 3.34] 2.82 
Total drop 6 hrs | 0.9 | 1.7 | 14 | 1.4 | 2.0 | 1.3 | 0.9 | 1.5 | 0.7 | 0.6 | 1.18 | 1.30 
Percentage drop 21 | 33 | 33 | 35 | 36] 32 | 16 | 28} 21| 30 | 26.1 | 31.6 


Fresh tincture No. S-2; dose 0.041 cat unit per pound body weight. 
Galvanometer string standardized: 1.5 cm. to 1 millivolt. 


Comparison of a five-year-old tincture with a fresh tincture of approximately equal 
eat unit strength 
YEAR-OLD TINCTURE ‘OF DIGITALIS, O, AND OF A FRESH TINCTURE, F 
Subject l 2 3 4 5 Average 
Old tincture No. 36; dose 0.045 cat unit per pound body weight. 
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graphically the lowering of the T-wave after a single dose of digitalis. 
An effort was made to standardize the galvanometer string exactly to 
1.5 em. deflection per millivolt, but in any case in which the tension of 
the string was not accurately adjusted an allowance was made in eal- 
culating the height of the T-wave. Overshooting was not encountered, 


4 


_ Fig. 2.—Case 3. Change in T-wave, Lead II after a single dose of digitalis. Old 
tincture 36. 

I. Before digitalis. T-wave 5.4 mm. JI. One hour after dose. T-wave 5.4 mm. 
III, Two hours after dose, T-wave 5.2 mm. JV. Six hours after dose, T-wave 3.4 
mm. 

Total change in height of T-wave in six hours 2.0 mm., a drop of 36 per cent. 


i 
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due to the fact that the laboratory was well heated and the electrodes 
were wrung out in warm saline just before being applied. 

Table IV gives the results of the effect on the T-wave in five sub- 
jects after the ingestion of a single dose of a nine-year-old tincture 
compared with an equal dose of a fresh tincture. In the case of the 
old tincture No. 36, with a cat unit cf 41.05 mg., %» of a minim per 
pound body weight was given, equivalent to 0.045 cat unit per pound. 


II 


A 


fA 


Fig. 3.—Case 4. Change in T-wave, Lead II, after a single dose of digitalis. Old 
tincture 36. 


I. Before digitalis, T-wave 5.5 mm. JI. Two hours after dose, T-wave 5.2 mm. 


1II. Six hours after dose, T-wave 4.6 mm. 
Total change in height of T-wave in six hours, 0.9 mm., a drop of 16 per cent. 


Of the fresh tincture, No. 8-2, with a cat unit of 75.60 mg., % minim 
per pound body weight was administered, equivalent to 0.041 cat unit 
per pound. 

Analysis of the results in Table IV shows, in the case of the old 
tincture, an average lowering of the T-wave in the five subjects of 
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26.1 per cent in six hours. With the fresh tincture the average lower- 
ing of the T-wave in the five subjects was 31.6 per cent in six hours. 

Table V shows the lowering of the T-wave in five other subjects 
following the ingestion of a single dose of the fresh tincture (No. 8-2, 
eat unit 75.6 mg.) compared with another nine-year-old tincture (No. 
32, cat unit 76.0 mg.). The dose with each tincture was 44 minim 
per pound body weight equivalent to 0.041 cat unit per pound. The 
average lowering of the T-wave with this old tincture in the five sub- 
jects was 24.6 per cent in six hours compared with a lowering of 33.7 
per cent in the case of the fresh tincture. 


TABLE V 


HEIGHT OF T-WAVE IN MILLIMETERS, IN LEAD II OF ELECTROCARDIOGRAM, FOLLOWING 
THE ORAL ADMINISTRATION TO HUMAN BEINGS OF A SINGLE DOSE OF A NINE- 
YEAR-OLD TINCTURE OF DIGITALIS, O, AND OF A FRESH eienadeaianee F 


Subject | 6 7 | 8 | 9 | |_ A 

Tincture used O|F/|O|F | | | F 
Before digitalis as | 5. 04 | 5.46 
2 hours after dose | 4.9 | 5.4 | 4.5 | 6.1 |5.8 | 5.1 | 5.6]... | 3.7 | 4.6 | -- 
6 hours after dose | 3.9 | 4.7 | 2.6 | 4.2 | 5.1 | 4.5 | 4.6 | 2.3 | 2.8 | 2.4 | 3.80 | 3.62 
Total drop 6 hours 1.3 | 0.7 | 2.1 | 2.5 0.7 | 0.8 | 1.1 | 2.8 } 1.0 | 2.4 | 1.24 | 1.84 
Percentage drop | 25 | 13 | 45 | 37 | 12| 15 | 20| 55 | 26 50 | 24.6 | 33.7 


Old tincture No. 32; dose 0.041 cat unit per pound body weight. 
Fresh tincture No. S-2 ; dose 0.041 eat unit per pound body weight. 
Galvanometer string standardized: 1.5 cm. to 1 millivolt. 


Combining the results on the ten subjects in Tables IV and V gives 
an absorption ratio of the fresh tincture compared with the old tine- 
tures of 100 to 77. Reference to Table III shows that this absorption 
ratio from the human alimentary tract agrees very closely with the 
absorption ratio from the lymph sae of the frog and from the ali- 
mentary tract of the cat. At the same time these three absorption 
methods of assay—frog, cat and human being—while agreeing very 
closely with each other, do not accord with the intravenous cat method 
of assay. 

As the result of these experiments, it would be inferred that the 
intravenous cat method of assay would be the procedure of choice in 
those rather exceptional instances in which digitalis is to be thera- 
peutically administered by vein. On the other hand, when digitalis 
is to be given by mouth, assay by the official frog method would appear 
to give a more exact idea of the potency of the preparation. 


CONCLUSIONS 


Our deductions are, therefore, that tincture of digitalis does not 
“‘deteriorate’’ with age when it is tested and employed intravenously, 
but that a definite ‘‘loss of absorbability’’ occurs with the passage of 
time and that this change interferes to an almost equal extent with 
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absorption from the lymph sae of the frog, from the alimentary traet 
of the cat and from the alimentary tract of man. 
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THE INDEPENDENCE OF ELECTRICAL AND MECHANICAL 
REACTIONS IN THE MAMMALIAN HEART* 


J. Wiacers, M.D., 
CLEVELAND, OnI0 


ARGUMENT 


HE conception that the initial electrical deflections related to the 

onset of ventricular systole are due to the progressive spread of 
the impulse rather than to the contraction process itself, has been 
gaining steady experimental support within recent years (for a recent 
review, ef. Arbeiter’). 

As far as cardiac tissue is concerned, the nature of the evidence eon- 
sists briefly; (1) in the precedence of the electrical over the mechan- 
ical changes, and (2) in the lack of correspondence between the 
amplitudes of the electrical and mechanical variations, including the 
observations that distinct electrical changes may occur when the heart 
is quiescent. Within recent years, however, this conception has re- 
ceived a decided cheek by the careful observations of Einthoven and 
his associates,* * which indicate that such results may be attrib- 
uted partly to technical errors in the manner of leading adopted, but 
largely to the fact that the sensitivity of apparatus utilized to record 
mechanical changes has in no wise equaled that employed to record 
electrical variations. 

In 1915, Garten® had shown that the intraventricular pressure re- 
corded by his electrically recording manometer began to rise only 
.017 to .021 see. after the beginning of Ry of the electrocardiogram. 
Unaware of the work of Garten, owing to the fact that German period- 
icals were not available during the World War, I had undertaken 
similar experiments, utilizing optical manometers of my own design. 
The results which were alluded to briefly in 1917,% but never published 
in detail in view of Garten’s prior communications, indicated that the 
intraventricular pressure rose .03 to .045 sec. after the initial rise of 
Ry, thus placing the onset of ventricular contraction on the descend- 
ing limb of Ry. Applying the axiom that ‘‘obviously no dynamic 
process can be held responsible for any electrical variation with 
which it is not isochronous,’’ the conclusion was reached that the 
QRS deflections of the electrocardiogram are not associated with the 
contraction process but rather with the propagation of the impulse 
over the ventricular muscle. 

Two subsequent experiences have, however, invalidated the con- 
clusiveness of this deduction. Examination of records subsequently 


*From the Physiology Laboratory of Western Reserve University Medical School. 
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obtained showed considerable variation in the time relations, with an 
occasional value of about .01 see. An idea of the range of variations 
may be obtained by consulting Table I of this article which gives 
values for experiments reported upon at this time, under the heading 
ECG. The recent observations of Katz* that the right and left ven- 
tricles do not begin their contractions synchronously, offer a possible 
clue to the explanation for such time differences; on the other 
hand, they also make it doubtful whether comparisons of the elee- 
trical deflections largely due to right ventricular activity with me- 
chanical activity of the left ventricle are quite conclusive in deciding 
the question as to the isochronicity of electrical and mechanical 
changes in either ventricle. 

For this reason, it seemed desirable to study the relation between 
the development of negativity over various surface areas of the two 
ventricles and the pressure variations within the ventricles. These 
comparisons were selected on the assumption that by the time intrinsie 
negativity appears over the surface of either ventricle, the whole 
septum as well as the entire thickness of the ventricular wall at that 
point must have been excited; consequently if electrical variations are 
an accompaniment of the contraction process, surface negativity should 
never precede but follow, by reasonable intervals, the rise of pres- 
sure within the ventricle in question. 

Obviously, however, such comparisons may only be regarded as 
erucial provided we are further assured; (1) that the optical manom- 
eters record the first elevation of intraventricular pressure without 
lag; (2) that the earliest contraction of comparatively small blocks 
of muscle tissue is capable of elevating intraventricular tension; and 
(3) that our method of lead really records surface negativity. 

Qualifications of the Optical Manometers—The criticism of Ein- 
thoven and his associates* * * ° that the apparatus used for recording 
mechanical contractions is not sensitive enough to be used in com- 
parison with electrical records, does not apply to the optical appa- 
ratus used for recording intraventricular pressures. In these experi- 
ments the universal optical manometer described by Baker and the 
writer’? was employed. When covered by rubber dam 0.85 mm. in 
thickness, tightly stretched over the segment capsule, the manometer 
had a vibration frequency of 167 per see. and recorded a curve 53 mm. 
in amplitude for 100 mm. variation in pressure. In special experi- 
ments, the rubber was stretched less so that the sensitivity was greatly 
increased, of course at the expense of vibration frequency, which 
never fell below 113 per sec., however. It is obvious that such appara- 
tus can be depended upon to respond without lag to pressure varia- 
tions which are less than 1 mm. 

The Relation of the Rise of Intraventricular Pressure to the Inception 
of Ventricular Contraction—In a comparatively recent discussion 
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with Prof. Einthoven as to the time relations of the initial deflections 
of the electrocardiogram and the rise of intraventricular pressure, he 
justly raised the question as to how far the ventricular contraction 
process must have advanced before sufficient energy is developed to 
eause an increase of intraventricular pressure, measurable even by 
sensitive manometers. Practically, this question may be fractioned 
into the following: (1) How large a bulk of contracting muscle is 
required to initiate an elevation of tension? and (2) Are the initially 
contracting muscle fibers so arranged that the contractile force ex- 
erted by them causes an elevation of intraventricular tension? 

Fortunately, there are experimental data which favor the view that 
only a small contractile force is required to elevate the pressure within 
the ventricle, and there are both experimental and anatomical argu- 
ments that support the belief that the first contraction processes in 
the ventricle occasion a prompt elevation of tension. 

Some idea as to the contracting muscular mass required to elevate 
intraventricular tension under natural conditions may be gleaned 
from the effects of auricular contraction. While auricular contraction 
under good circulatory conditions as a rule causes but a small eleva- 
tion of intraventricular pressure (ef. Figs. 4 and 5) the change is 
distinetly recognizable and, what is more important still, begins be- 
fore the summit of the intraauricular wave has been reached in the 
auricle (ef. Wiggers’). In view of the fractionate nature of auricular 
contraction (Wiggers,’” Lewis, Feil and Stroud’) this means that a 
contractile force equivalent to that developed by only a small part 
of the thin auricular musculature is capable of causing a discernible 
variation of pressure, when applied to the ventricular contents. 

Probably the most reliable evidence as to the very onset of muscu- 
lar contraction in the ventricles is given by the beginning of the sound 
vibrations which they set up. The main vibrations characteristic of 
the first sound, however, begin precisely with the elevation of intra- 
ventricular pressure, thus furnishing probable evidence that the rise 
is coincident with the very beginning of muscular contraction. It 
is true that ‘‘introductory vibrations’’ have been described by 
Battaerd? which precede both the main vibrations (Battaerd,? Hess’) 
and the rise of intraventricular pressure (Wiggers and Dean”) by 
.035 to .06 see. Such vibrations are sometimes assigned to contraction 
of the papillary muscles, or are cited as evidence that ventricular con- 
traction does occur before it is capable of detection by other means 
(Einthoven*). There is no experimental proof, however, for such 
assumptions ; indeed, many facts are opposed to such an interpretation. 
In the first place, the periods of these vibrations are so long, the 
amplitude so small and their very presence so variable—even in 
sounds recorded directly from the heart as was done by Wiggers and 
Dean?°—that it is highly questionable whether they are actually a 
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part of the first heart sound. The entire periods of systole and dias. 
tole not occupied by vibrations of the regular sounds are filled with 
various sorts of vibrations which are probably due to changes in the 
flow of blood into and out of the ventricle. Therefore, these small 
introductory vibrations may easily result from causes other than 
muscular contraction. In the second place, a careful study of their 
time relations makes it difficult to conceive of their being due to 
muscular contraction. Frequently they begin .05 to .065 sec. before 
the main vibration of the first sound (Battaerd?, Hess’) or the rise 
of intraventricular pressure (Wiggers and Dean*’) thus placing them 
during the early phase of auricular relaxation as actually demon- 
strated by auricular myograms (Wiggers and Dean*’). Time com- 
parisons of dynamic and electrical changes such as have been pre- 
sented in diagrammatic form by the writer’ indieate that at this 
moment the wave of negativity has not vet reached the ventricle. 
We may now analyze the question as to whether the initially con- 
tracting fibers are so arranged that their contractile force can at 
once be exerted on the ventricular contents. Owing to experimental 
difficulties, absolutely crucial data as to the relative time of nega- 
tivity of the septum, papillary muscles and the endocardial surfaces 
of the heart are difficult to obtain. The only figures in existence to 
my knowledge are those of Lewis and Rothschild,’? and as is reeog- 
nized by these investigators, they permit deductions which are prob- 
able rather than quite final. Nevertheless, the earliest readings ob- 
tained are from the septum, which together with the fact that it fits 
in with many other experimental observations as well as anatomical 
evidence as to the course of excitation, makes probable the concep- 
tion that the interventricular septum is initially excited and pre- 
sumably contracts first. Further, we may be certain that the ex- 
citation and contraction of the papillary museles do not lag far 
behind. If it be accepted that the muscular septum contracts earliest, 
we must inquire whether the fibers of this strueture are so arranged 
that the force of contraction developed can be brought to bear upon 
the fluid within the ventricles and thus elevate the tension promptly. 
To be all inelusive, we must further explain how it is possible for 
contraction of a common septum to influence the pressure on one side 
before the other, as was found to be the case by Katz’ and was again 
corroborated in some experiments of this research (ef. Fig. 4). 


To begin with, the muscular septum dividing the ventricles is not 
a single or simple structure but a complex aggregate of bundles or 
fasciculi arranged in different layers. The chief bulk of the muscular 
septum is composed of circularly arranged fibers which are a part of 
the deep bulbospiral system encireling the left ventricle. The lower 
portion is also the termination of the superficial bulbospiral system 
which enters into the interior and forms an oblique layer directed 
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posteroanteriorly and upward. Finally, the entire septum contains 
many longitudinal fibers among which is the LRV bundle, which 
passes from the median wall of the right ventricle to the aortic 
septum (Mall,’* MacCallum”). 

A dissection of a dog’s heart from the right side, such as is shown 
in the photograph of Fig. 1, shows the relation of these layers to the 
right ventricular cavity. The musculature underlying the right 


P Fig. 1.—Photograph showing layers of interventricular septum, as viewed from 
right side; A, right longitudinal layer; B-C, circular and oblique layers; JD, left 
longitudinal layer. 


bundle braneh consists of a rather thick fasciculus of longitudinally 
directed muscle fibers, shown as the cut musele A in Fig. 1. Beneath 
this lies a thicker layer of nearly circular muscle fibers marked B. 
Beneath this, in turn and in closer relation to the left ventricular 
cavity is a thick layer of fibers marked C, which are directed obliquely 
upward and forward. It will be noticed that their direction is almost 
at right angles to those of the layer B. Finally there appears, in the 
small exposure still permissible, another very thin layer of longitudinal 
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fibers (D) lying just beneath the left bundle branch and its divisions, 
when dissection is made from the left side. 


If, as anatomical and experimental considerations lead us to believe, 
the external layers of the muscular septum are the first to be excited by 
twigs of the A-V bundle branches and if the excitation wave passes 
through the muscle layers of the septum toward the median line, then it 
becomes obvious that a thick layer of longitudinally directed museles 
(A) is first excited on the right side while the obliquely but more cirey- 


Fig. 2.—Photograph of anterior surface of heart, showing points from which direct 
leads were taken by threads. Numbers correspond to records in Fig. 4 


larly directed muscles ()) are excited much earlier on the left side. 
The fact that such differently directed bundles are initially excited on 
the two sides may possibly furnish a morphological explanation as to the 
reasons why left and right ventricular pressures do not always rise 
simultaneously and that they change with different degrees of cardiac 
distention as shown by Katz.’ For, while there can be little question 
that the shortening and thickening of circularly disposed fibers 
must compress the ventricular contents at the moment their contrac- 
tion starts, we may not be so certain from anatomical considerations 
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alone, that contraction of the longitudinally directed fibers has a sim- 
ilar immediate effect. Their direction and location would lead us to 
believe that their shortening serves either to draw the apex upward 
or the membranous septum and its continuation into the aortic septum 
downward, while their thickening might be much less effective in 
elevating intraventricular tension promptly. 

Several experimental facts, however, make it improbable that such 
suspicions based on anatomical considerations are valid. In the first 
place, if this were true, we should expect a regular precedence of 


Fig. 3.—Sketch showing extent of areas included in leads incorporated as data 
of Tables I and II. 


the left ventricular pressure rise as is shown, for example, in Fig. 4. 
The experimental results of Katz* show, however, that while in any 
series of experiments the number of cases with left ventricular pre- 
cedence predominates, cases in which right ventricular precedence occurs 
are quite common. Further, during the course of any series of experi- 
ments the order of sequence in the same heart may be changed by 
experimental means. In the second place, if the contraction of longi- 
tudinal strands exerted a traction on the membranous interventricular 
and aortic septum we might anticipate changes in the aortic pressure 
curves before the elevation of intraventricular pressure occurred. Pre- 
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Fig. 4.—Eight segments of records showing left intraventricular pressure (upper), 
right intraventricular pressure (middle), and electrograms from points corresponding 
to those shown in Fig. 2. a, Auricular wave; time, 0.04 second, description in text. 
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liminary vibrations in the aortic pressure curve previous to the main 
pressure rise during systolic ejection have been described and analyzed 
(for references and details ef. Wiggers,* page 423) but careful studies 
have also shown that the earliest variations never precede but often 
follow the rise of intraventricular pressure. Illustrations of such effects 
of ventricular contraction on aortic pressures are shown in Figs. 5 and 
6. In the former, the vibration b-c which can be attributed to a trae- 


Fig. 5.—Four segments of record showing relation of aortic and left intraventricular 


pressure curves to electrograms. A, point 1; B, point 3; C, point 5; D, point 7: 
time, 0.04 second; a, auricular wave; b, c, d, initial aortic vibrations; m, n, break 
in electrical deflections. Discussion in text. 


tion effect, begins slightly after the elevation of left intraventricular 
pressure; and in the latter, the dip b-c occurs precisely with the pres- 
sure rise. Certainly, as far as left ventricular pressure is concerned, 
experimental evidence is opposed to the possibility that contraction 
in longitudinal fibers occurs before the intraventricular pressure rises. 
If, however, we fail to concur in the view that contraction starts 
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first in the interventricular septum, then we must fall back on the 
papillary muscles as the seat of initial contraction. This must be 
accompanied by the frank admission that the contraction of such 
muscular papillae projecting into the cavities of the ventricle may be 
without effect on intraventricular pressure. If, however, their contrac. 
tion precedes in this way, they must exert a pull or a tug on the valve 
leaflets through the chordae tendineae. If this were true we should 


Fig. 6.—Four segments of records showing relation of aortic and left intraven- 
tricular pressure curves to electrograms. A, point 1; B, point 2; C, point 3; D, 
point 5; time 0.04 second; b, c, d, initial aortic vibrations; m, n, break in electrical 
deflections; 2, y, initial elevation of intraventricular tension. Discussion in text. 
expect them to set up some sort of vibrations capable of affecting the 
much more sensitive optical manometers commonly employed to record 
intraauricular pressures. Comparisons of such intraauricular curves 
with those of intraventricular pressures, however, not only fail to 
show the occurrence of such wavelets previous to the rise of ventric- 
ular pressures, but further show not the slightest deviation from the 
smooth fall of the auricular wave until the moment when intraven- 
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tricular pressure rises (Wiggers,’® Fig. 1). Accurately designed 
experiments, therefore, give no support to the belief that the papillary 
muscles contract previous to the elevation of intraventricular pressure. 

I have entered into this rather lengthy discussion—perhaps to the 
point of becoming wearisome—in order to establish in as critical a 
manner as possible that our anatomical and experimental stock of 
facts does not support the objection so easily made without supple- 
mentary proof, that the initial elevation of intraventricular pressure 
is not the first index of muscular contraction. 


Method of Lead.—In order that unipolar leads from a whole series 
of points on the two ventricular surfaces could be compared in rapid 
‘suecession with intraventricular pressures and repeated tests made 
from the same points, the following technic was found most suitable: 


One nonpolarizable indifferent electrode was sewed under the skin of the upper 
thorax in the median line. Stitches of No. 8 cotton thread previously soaked in 
strong saline were placed in the heart so that they just pierced the outer layers 
of cardiac muscle. No evidence exists that the slight injury so caused affects the 
time of negativity in any way, nor was any injury current detectable in the system 
on closing the circuit through the galvanometer string. On the other hand, the 
definite localization of points thus obtained is of major advantage in taking records 
in rapid succession, or in repeatedly comparing the same points. After the optical 
manometers had been adjusted and fixed in relation to the camera and projection 
lamp, a series of nonpolarizable boot-electrodes were placed around the manometers 
and to these the twisted threads from various points of the heart were securely 
tied, sufficient slack being left so that no tugs of the heart on the boot-electrodes 
could occur. These boots were in turn connected to a rotary switch which made 
it possible to connect in succession each different point on the heart with the string 
of a Hindle galvanometer, the return lead always being made through the indifferent 
electrode. During the course of an experiment, the threads required, repeated moisten- 
ing but careful tests showed that drying had no other influence than to modify the 
amplitude of the recorded electrical variations. In this way, it was possible 
to record in succession negativity from eight different points in less than 2 minutes. 

After each experiment, the heart with strings attached was excised, preserved in 
formalin, and subsequently photographed (Fig. 2). From these photographs, out- 
line sketches were made showing the exact location of the unipolar leads. 

Owing to personal limitations of judgment and differences in hearts it was 
impossible to place ligatures absolutely in the same locations, consequently, certain 
areas were established for this entire series of experiments within which leads 
labled 1, 2, 3, ete. were placed (cf. Fig. 3). In the earlier experiments leads from 
eight such areas were taken, but in later experiments they were limited in number 
to six. 


Interpretation of Direct Leads.—In order to interpret more readily 
the incidence of negativity at the individual points tested, the threads 
were connected to the galvanometer circuit so that the recorded curve 
rose when the points were negative. 

Preliminary tests similar to those introduced by Lewis and his asso- 
ciates!* indicated that, in this way, extrinsic deflections due to nega- 
tivity elsewhere in the heart could be recognized as a downward de- 
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flection, and intrinsic effects by the sharp upward deflection. While 
there appears to be little question that the large, abrupt, positive 
deflections thus recorded indicate negativity at the points of lead, we 
may not necessarily assume that the very beginning of the rise repre- 
sents the first moment of surface negativity ; on the contrary, it is eon- 
ceivable that the development of negativity in fibers lying at some 
depth directly below these points may induce negativity at the surface 
slightly in advance of the excitation wave. 

This possibility had to be borne in mind in selecting the actual 
point in the intrinsic deflection record which could safely be regarded 
as a criterion of surface negativity, for when records are taken on 
rapidly moving paper it is frequently found that the ascending limb 
of what we interpret to be the intrinsic deflection is not a straight line 
but begins as a curve with slightly more gradual gradient. This is 
shown in many of the records reproduced but may be illustrated espe- 
cially by reference to segments C and D of Figs. 5 and 6. Here the 
more gradual gradient m—n changes midway up the slope into a steeper 
gradient. This point » was used in all computations when the gradient 
was not absolutely smooth.* 


ANALYSIS OF RESULTS 


Analysis of Records——The analysis of results may profitably be be- 
gun by the consideration of a number of specimen records showing 
the relation of initial negativity over various surface areas, and the 
rise of pressure within the ventricle. 

Fig. 4 contains eight segments of records illustrating the relations 
of various direct leads to left (upper) and right (lower) intraventricu- 
lar pressure changes, the eight points from which leads were derived 
corresponding to those indicated in Fig. 2. 

As ean clearly be seen in these records, the rise of the pressure in 
the left ventricle preceded that of the right (.0218 see. by measure- 
ment). The beginning of the intrinsic negativity is clearly shown in 
all segments by the upstroke of the electrical variations from which 
lines are drawn. No parallax occurs between the two pressure records 


*Since the foregoing was written an article by de Boer™ has appeared, in which 
(p. 168) he brands the method employed by Lewis and his associates” for 
detecting surface negativity as “unreliable.” Inasmuch as essentially the same 
procedure is used in this investigation, it becomes necessary to point out several 
errors of statement, which if left unchallenged might lead to misinterpretations: 

1. A careful reading of the articles of Lewis and his associates will reveal 
that they did not “assume that the biggest deflection was intrinsic’; on the contrary 
they established the probability by experimental data which it has been my privilege 
to corroborate. 

2. The merest tyro in work of this sort should recognize that the unreliability of 
the method cannot be established by the mere fact that the distinctness of intrinsic 
deflection may be improved by changing the position of the indifferent electrode (!!). 
Yet this is the evidence (?) upon which de Boer bases his conclusion, “That this 
method is unreliable and that it cannot fix the instant of passage of an excitation 
Wave over a given point on the ventricular wall.” 

3. The argument that conductivity is delayed over the thicker portions of the ven- 
tricle as found by Lewis and Rothschild ™ owing to a greater cooling of these 
surfaces is totally unsupported by any facts, and can be regarded only as an 
improbable hypothesis. 
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put the electrical records should be shifted to the right by .0024 see. 
This was disregarded in drawing lines but taken into account in 
tabulated figures. 

A comparison of the left intraventricular pressure curve (upper 
eurve) with the surface negativity shows that the base of the left 
ventricle becomes negative slightly after the pressure rise (Record 1) ; 
the middle of the anterior surface of the left ventricle is negative simul- 
taneously with this rise (Record 2); but the apex just above the 
vortex (Record 3) and the area to the left of the coronary suleus 
(Record 4) are negative definitely before the pressure rises. All areas 
of the right ventricle are negative before left intraventricular pressure 
begins to be elevated (Records 5, 6, 7, 8). Inspection of these and 
succeeding segments of Fig. 4 shows at a glance that owing to the 
delay of right ventricular systole, all points of the cardiac surface 
are negative before the right ventricular pressure begins to rise. 
While this represents a case of extreme delay in the rise of right 
ventricular pressure, it is an experiment worthy of report as showing 
the possibility of the entire surface of the heart becoming negative 
before intraventricular pressure in the right ventricle even begins to 
rise. 

The curves of Fig. 5 are introduced to cancel another possible 
criticism, namely, that the moment when intraventricular pressure 
rises cannot be accurately determined owing to the effect of auricular 
contraction, labeled a in Fig. 4. During the course of other observa- 
tions in these experiments, we had occasion to test the effects of re- 
breathing air containing high percentages of CO,. In one experi- 
ment this resulted in depression of A-V conductivity of such an order 
that it greatly prolonged the P-R and A,-V, intervals, thus causing 
auricular contraction far in advance of ventricular systole. In Fig. 5 
this auricular contraction occurred during the wave labeled a and it is 
obvious that the pressure line before the rise of intraventricular pres- 
sure is absolutely even. 

The four segments show electrical variations taken from areas 1, 
3, 5, 7 (Fig. 3) together with aortic and intraventricular pressure 
curves. Owing to parallax, the electrical record should be shifted 
.0037 see. to the right. Negativity at the left ventricular base occurs 
slightly after the rise of intraventricular pressure (Record A); but 
again the apex is negative earlier (Record B). Segments C and D 
show that negativity over the central and basal regions of the right 
ventricle (areas 5-7, Fig. 3) precedes the rise of the left ventricular 
pressure by considerable intervals. 

A third series of illustrations taken on a very rapidly moving paper 
is shown in the segments of Fig. 6. A glance at these segments shows 
that negativity on the basal and middle surface of the ventricles 
(Records A and B) oceurs a short interval after the pressure rise; 
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over the left apex and right central region, however, it definitely 
precedes this rise (Records C and D). Another point may also be de- 
veloped in relation to these records. In a recent paper’® I presented 
evidence that the initial rise of intraventricular tension (z-y) jigs 
probably due to the serial summation of fractionate contractions as the 
contraction process spreads over the ventricle, and that the abrupt 
rise of pressure after y does not occur until all ventricular fractions 
have begun to contract. 

Since these experiments, as well as those of Lewis and Rothschild,” 
show that the left base develops negatively latest we should expect 
that the surface area ‘‘1’’ (Fig. 3) would not develop intrinsic nega- 
tivity until the intraventricular pressure had developed to point y, 
provided electrical and mechanical processes are indeed due to the 
same causes. The relations, shown in segment A, indicate, however, 
that negativity precedes this point by .029 sec., indicating that con- 
traction follows excitation by a later interval of approximately this 
duration. 

Results of Different Experiments——Caleulations of data from records 
similar to those presented in detail were made on 44 different sets of 
records obtained from 21 different dogs. As the results are not exactly 
alike and as it is desirable to enter into the precise time relations, 
they are presented in Table I. A plus sign preceding a numeral in- 
dicates that negativity precedes, and a minus sign denotes that it 
follows the rise of left intraventricular pressure. 

In the first column of figures is given the precedence of Ry already 
referred to earlier in the paper. We note that without exception it 
precedes the pressure rise in the left ventricle by .01 to .033 see. 

We may conveniently begin our analysis of negativity over various 
surface areas by a consideration of the relation which the pressure rise 
in the left ventricle has to negativity over ‘ 
ventricle. The significance of such comparisons may first be briefly 
stated, however. The experiments of Lewis and Rothschild’ leave 
little question that the wave of negativity has spread over the entire 
ventricular septum, as well as over the papillary muscles of both ven- 
tricles, by the time that the earliest’ negativity appears over ‘‘the 
central area’’ of the right ventricle. Consequently, if these structures 
are contracting at the time this area is negative, we should expect 
that the left intraventricular pressure would certainly begin to rise 
by this time. The figures of Table I in the column labeled 
‘farea 5’’ show at a glance that this is not the case: on the contrary, 
this area is invariably negative before the pressure rises in the left 
ventricle. In the majority of experiments the interval of precedence 
is .013 to .031 see.; in a small number it is consistently shorter (Exp. 
352, 353, 366) probably because the leads were not placed at the points 
of earliest negativity (ef. also Fig. 2). 


‘area 5’’ on the right 
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The relation of earliest surface negativity over the left ventricle to 
the rise of left intraventricular pressure is shown in the column labeled 
‘‘area 3’? in Table I. An analysis of 44 observations shows that in 
19 eases, negativity of the left apex precedes the rise of pressure by 


TABLE I 
INTERVALS BETWEEN ELECTRICAL VARIATIONS AND LEFT INTRAVENTRICULAR PRESSURE 
RISE 
~ EXPERIMENT | ECG AREA 1 | AREA 2 AREA 3 | AREA 4 AREA 5 
~ © 343 I | — .015 — .005 —.001 + .013 
C 344 «II | + .010 —.01 + .006 + .007 + .006 
| +.011 — .009 + +.011 | +.013 
C 345 I + .024 +.002 | +.002 + 003 + .020 
C 346 I} +.025 | -.006 | +.001 | +.006 + .019 
C 347 TI + .023 —-.010 | -—.005 —-.002 | +.005 + .020 
C348 | +.020 0 | -.003 | +.016 + 026 
II; +.018 0 +.005 | +.014 + .005 
Cc 349 +.025 | +.007 | 
350 I | +.025 — .007 0 + + .002 + .026 
II | +.020 +.003 | + .015 + .006 + .029 
C352 +.015 .008 — .002 + .006 + .009 
C353 +.011 | — .006 -.001 
XIII | +.015 0 -.005 | + .007 
C 354 II + .028 +.015 0 + 021 
III | +.034 + .013 +.001 + .027 
VII | +.023 + .004 — .006 +.017 
VIII +.021 0 — .003 +.017 
IX + 025 0 .002 + .019 
C 356 I| +.026 — .009 — .004 + .003 + .009 
II | +.03 .004 + .013 +.017 
III | +.033 004 + .003 +.011 + 021 
VII | — .002 +.001 +.011 | + 021 
C357 +.010 ~ -.005 | + .016 
C 358 I + .027 —.008 | 0 
II | 031 -.008 | -.004 | 
III | 029 -.011 | 0 | + .019 
Vv | ~.011 | -.003 | +.021 
IX | +.021 —.018 —.006 | +.031 
c359 | + .019 ~ .002 +.019 
II} +.017 .004 + 016 
C 361 IV | +.025 | —.001 ~.005 | + .008 
VI | 4.027 -.004 ~.005 +.015 
IX | | —.006 | +,.006 
C 362 4.025 -.013 | -.007 | +.011 
II | — .004 .007 | +.015 
C363 +.019 | ~ 002 +002 | 4.014 
364 I 021 — .005 — .004 | +.017 
II | 027 — | +,018 
C 365 T | 025 | — 005 — 002 + .016 
+.025 -.005 | 0 +.016 
C366 II| +.023 + .002 + 007 + .007 
TIT +, 020 — .004 + 007 + .007 
IV | +.020 ~ .005 +.004 | + .006 
Vi +.025 005 | +.007 | + .008 


.001 to .015 see. and in 4 eases the two occur simultaneously. The 
evidence is clear that in none of these 23 cases is it possible to assume 
that mechanical and electrical responses are directly related. In 21 
experiments, negativity over the apex surface followed the elevation 
of intraventricular pressure by .002 to .006 sec. It is my impression 
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that in these cases the ligatures from which leads were derived, were 
probably not placed so as to record the very earliest negativity at the 
apex, but we must accept the figures in an unqualified way. At first 
sight they are not so convincing as those of the other series, but a 
little consideration shows that they also corroborate the view that 
electrical and mechanical reactions cannot be identical. According to 
the data obtained by Lewis and Rothschild” it requires at least an 
interval of .01 see. for the electrical wave to penetrate the muscle 
thickness at the apex, from endocardial to epicardial surfaces. Con- 
sequently, the internal layers also contract at least this much earlier 
than the external (ef. also Fig. 74, Lewis’®). Inasmuch as the negative 
intervals never equal or exceed .01 sec., we must suppose that nega- 
tivity in the internal lining under these points occurs definitely earlier 
than the rise of intraventricular pressure. 


TABLE II 
INTERVALS BETWEEN SURFACE NEGATIVITY OF THE RIGHT VENTRICLE, AND THE RIGHT 
INTRAVENTRICULAR PRESSURE RISE 


___ EXPERIMENT | AREA 5 | AREA 6 | AREA 7 | AREA 8 
C 343 I | +013 | +.007 | + .006 +.001 
C 344 II | +.031 | + .024 + 016 

IIT | + .030 + .020 + .008 
C 345 I + .020 0 + 004 
C 346 I + .019 + + 
C347 4.020 | + 025 0 
C 348 I + .026 + .026 + 016 + .003 
II + +.033 + + .016 
C 349 II + 020 + 018 
C 350 I =| 025 019 
II | + 041 | + .035 + 027 025 


An analysis of similar data of electrical negativity over ‘‘areas 2”’ 
and ‘‘1’’ toward the middle and basal portions of the left ventricle 
shows that a progressive increase of the negative intervals and a 
progressive decrease in the positive intervals occurs. In a total of 36 
comparisons listed under ‘‘area 2’’ surface negativity still preceded 
the rise of left intraventricular pressure by .010 to .015 see. in 9 eases; 
occurred simultaneously in 4 instances; and followed by .01 to .013 see. 
in the remaining 23 eases. 

In a total of 16 comparisons listed under ‘‘area 1,’’ surface nega- 
tivity still preceded in 2 cases; occurred simultaneously in 2 eases; 
and in the remainder followed by .001 to .015 see. 

There can be no question but that all of these values are definitely 
below the time required for the negativity waves to spread through 
the thicker ventricular walls of the more basal portions of the left 
ventricle. Such results are difficult to interpret if we assume that 
electrical and mechanical variations occur synchronously. 

Evidence of a still more crucial character is obtained by compari- 
sons of the surface negativity over the right ventricle with the rise of 


) 
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right intraventricular pressure. This was done in 11 observations on 
8 different animals where right and left intraventricular pressures 
were recorded simultaneously as in Fig. 4. The results of these experi- 
ments are given in Table II, the data in the column labeled areas 5, 
6, 7, and 8 corresponding to those charted in Fig. 3. A perusal of 
these figures indicates that with only two exceptions—where surface 
negativity and mechanical events were synchronous—the electrical 
negativity had spread over the entire surface of the right ventricle, 
including the conus, before the right ventricular pressure had begun 
to rise. The intervals of precedence are longer in comparison made 
with the electrical changes in the central region (.02 to .041 sec.) 
and decrease progressively as the base of the right heart is approached. 


SUMMARY 


The interrelation or independence of electrical and contraction phe- 
nomena of the mammalian heart were studied in experiments in which 
the surface negativity on the ventricles and the rise of pressure within 
the ventricles were compared. Such comparisons were selected on 
the assumption that by the time intrinsic negativity appears on the 
surface of the ventricles, the whole interventricular septum and the 
entire thickness of ventricular wall at the point studied must have 
been excited; consequently, if electrical variations are an accom- 
paniment of the contraction process, surface negativity should no- 
where precede the rise of intraventricular tension and, in many places 
should follow at reasonable intervals. 

Anatomical and experimental facts are reviewed which indicate (a) 
that the manometers record intraventricular pressure without lag, (b) 
that the rise of intraventricular pressure is a certain index of the 
initial contraction, and (c) that surface negativity can be determined 
with reasonable accuracy by unipolar leads. 

The observation of Lewis and Rothschild’ that surface negativity 
develops earliest over the central region of the right ventricle is con- 
firmed. By this time we have ample reasons to suppose that the wave 
of negativity has spread over the entire interventricular septum which, 
according to anatomical considerations, should be capable of elevating 
intraventricular pressure by the contraction of its circular fibers. 
Actual results show, however, that negativity over this region pre- 
cedes the elevation of right ventricular pressure by .02 to .041 see. 
and the rise of the left intraventricular pressure by .013 to .031 see. 

The earliest negativity over the left ventricle was found to occur 
over the apex, again confirming the results of Lewis and Rothschild.'* 
By this time the wave of negativity has spread not only over the inter- 
ventricular septum and left papillary muscles, but has penetrated the 
entire thickness of the left ventricular apex. Comparisons of surface 
negativity with the elevation of left intraventricular pressure showed 
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that in half of the experiments the former preceded by .001 to 0.15 
see., and in the other half followed by .002 to .006 see. As these 
intervals are shorter than the probable time required for the wave 
of negativity to pentrate the wall of the apex, these results also indi- 
cate that electrical and contraction processes cannot be simultaneous 
in the dog’s heart. 

In a general way, the wave of negativity appears later on the sur- 
face of the ventricles as the bases are approached. Consequently, 
negativity appears relatively later as regards the elevation of intra- 
ventricular tension on the two sides. In the case of the right ventricle 
this merely has the effect of reducing the interval of electrical prece- 
dence, negativity still preceding the elevation of intraventricular ten- 
sion by .006 to .027 sec. In the ease of the left ventricle, the relatively 
earlier beginning of the pressure rise and the longer time of condue- 
tion combine so that the negativity of the left basal surface as a rule 
follows the elevation of intraventricular tension by .002 to .015 sec.; 
in a few instances, however, negativity still precedes by .002 to .003 see. 

Such results taken separately or conjointly cannot be explained by 
assuming a synchronicity of electrical and mechanical processes in the 
dog’s ventricle; on the contrary, they distinctly favor the view that 
electrical variations are an accompaniment of impulse conduction 
which precedes the actual contraction process by a definite interval. 
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GONOCOCCIC BACTEREMIA WITH GONOCOCCIC 
ENDOCARDITIS AND AORTITIS* 
A Case REPORT 


H. H. Rrecker. M.D., New York, N. Y. 


HE relation of the rheumatie virus to the etiology of heart disease 

has been appreciated for a long time but it has been only during 
the past twenty-five years that the attention of clinicians has been 
drawn to the gonococcus as an agent occasionally injurious to the 
heart. There are now in the literature about eighty instances of 
gonocoecie infection of the endocardium. 


There are many questions about the disease which await solution 
and these are concerned with both its pathological and its clinical 
recognition. The following ease is reported because of several unusual 
features which it presents and beeause it illustrates the difficulties 
which are encountered in attempting to establish the clinical diagnosis 
of gonococcie endocarditis in a suspected case. 


SUMMARY OF THE CASE 


A Swedish boy, twenty-two years of age, was admitted to the hospital com- 
plaining of shortness of breath, cough, and swelling of the limbs. A history of rheuma- 
tism or chorea could not be obtained. He had had scarlet fever and diphtheria 
before the age of ten. He had been refused admission to the Navy at the age 
of twenty because of alleged heart disease. He went to sea in 1921, and in De- 
eember, 1924, contracted gonorrhea. Treatment was started at once for this con- 
dition and no evidence of it could be found when he entered the hospital. Early 
in February, 1925, seven weeks after the onset of gonorrhea, he ‘‘caught cold in 
his chest.’’ At this time he had some discomfort in his chest, became very thirsty 
and had chills, but had no pain in his joints. He remained at work for a few 
days but soon noticed that his feet, ankles, and finally his face, were becoming 
swollen. He was constantly fatigued, and was short of breath on exertion. He went 
to a hospital (February 25) where he remained twenty-four days. At this insti- 
tution he was treated for acute nephritis. However, his condition did not improve 
and he was admitted to the New York Hospital on March 21. 

The physical examination on admission showed a well-developed young man lying 
propped up in bed, in acute respiratory distress. There was general anasarca. The 
skin had a yellowish appearance, there was a slight protrusion of the eyes and a 
marked pallor of the mucous membranes—all of which presented a striking picture. 
A petechia could be seen on the left conjunctiva. The ophthalmoscopic examination 
showed only retinal edema. The voice was extremely hoarse and the patient 
talked in a whisper. There was a slight inspiratory stridor; the neck pul- 
sations were accentuated; the respiratory rate rapid. There was impairment of reso- 
nance at the left base posteriorly, with a small area of tubular breathing. The 


*From the First Medical Division of the New York Hospital and the Department 
of Medicine of the Cornell University Medical College. 
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precordial dullness was greatly increased to the left and downward and moderately 
to the right. There was a diffuse wavy impulse over the precordium. The maxi. 
mum impulse could be seen 10 em. from the midsternal line in the 5th interspace, 
and the left border of cardiac dullness in the 5th, interspace appeared to be about 
14 em. from the midsternal line, near the anterior axillary line, a distance of 4 em, 
from the point of maximum impulse. The aortic arch dullness measured 8 em. 
The first sound at the apex was loud and rough, accompanied by a systolic murmur 
which could be heard over the entire precordium. Over the sternal area there was 


i. 


a fairly loud to and fro friction murmur. The second pulmonic sound was loud 
and snapping. There was a distinct diastolic murmur over the aortic area. The 
outline of percussion dullness and the friction sound indicated a pericardial ef- 
fusion. There were definite signs of aortic insufficiency. The liver was moderately 
enlarged, and the spleen palpable. The pulses were moderately collapsing in type. 

Laboratory examinations were as follows: Urine turbid, highest specific gravity 
1.018. There were present a cloud of albumin, considerable pus, and occasional red 
blood cells. Blood—red cells were 3.7 millions, with hemoglobin 48 per cent; white 
cells 33,500, 94 per cent polynuclears. The Wassermann reaction was negative. 
The icterus index was normal (5.1), the blood urea nitrogen varied from 78 to 94 
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mg. per 100 c.c.; the creatinine was 3 mg. per 100 e.c. Smears from the pus in 
the urine revealed no organisms, and the three-glass test showed the same amount 
of pus in each specimen. 

The blood culture, taken on admission, showed gonococci in the liquid cultures. 
The agar plate cultures yielded negative results. This is a common experience with 
this type of organism. The cultural media employed in this instance were two 
plain agar plates and 100 c.c. each of plain broth and glucose calcium carbonate 
proth; adding to each 5 e.c. of blood. The organisms were recovered in both broth 
cultures. Had we relied upon agar plates alone in culturing the blood the diagnosis 
would have remained obscure. The organisms isolated from the broth bottles were 
identified as gonococci by staining cultural, and fermentation methods. 


The electrocardiogram showed a normal sinus rhythm, with right ventricular pre- 
dominance. The blood pressure remained uniformly low, 110/70. The temperature 
was of the intermittent and remittent type, varying from 100 to 10314, the terminal 
temperature being 105. The pulse rate was constantly above 110 and at times as 
high as 158 per minute. 

The heart was digitalized immediately but fluids were not limited. There was 
a loss in weight of 10 pounds during the course of five days, which was probably 
due to the marked diuresis which occurred during digitalis therapy. The patient 
did not improve however. He complained of pain over the precordium, headache, 
and increasing weakness. Five days after admission he died. 


Necropsy was performed twelve hours after death. The lungs showed broncho- 
pneumonia at the lower left base, cultures of which yielded a hemolytic strepto- 
coccus. There was a small amount of fluid in each pleural cavity. The pericardium 
contained about 300 ¢.c. of purulent brownish fluid and the pericardial surfaces 
were covered with fibrinous exudate. Smears from the fluid showed numerous pus 
cells but no organisms, and cultures of the fluid gave no growth. The heart itself 
was markedly hypertrophied, weighing with the pericardium 1075 grams. The pul- 
monary, mitral, and tricuspid valves were normal. The aortic valve had the ap- 
pearance of old disease, as evidenced by a considerable thickening and retraction 
of the cusps. At the edge of the left posterior cusp there was a small friable gray- 
ish-white vegetation. This was clipped off and cultured; the culture yielding only 
a hemolytic streptococcus. About 4 em. above the base of the aorta there was a 
more or less circular opening in the aortic wall measuring about 2 em. in diameter. 
This led into an irregular cavity about the size of a lemon. The cavity closely 
simulated a sacculated aneurysm. Upon closer inspection it was found that the 
lining of this sac consisted of pericardium: The condition found was due to an 
ulceration of the aorta, with perforation into a walled-off portion of the pericardial 
sic. The process was then mycotic aortitis with perforation. About the opening 
of the aneurysmal sac there were several small friable vegetations similar to the 
one on the aortic cusp. Gonococci could not be cultivated from these vegetations 
and microscopic sections through them failed to show organisms. The kidneys were 
the large white type, with evidence of chronic and acute nephritis, and there were 
several old and recent infarcts. The spleen was fairly large, weighing 426 grams. 
It contained several old white infarcts. The liver was somewhat enlarged by chronic 
passive congestion. The prostate was normal microscopically; no cultures were 
made from it. Cultures of the kidney tissue gave staphylococci and hemolytic strep- 
tococei as the only organisms. There was no abscess formation in the infarctions. 
The postmortem blood cultures showed hemolytie streptococci; no gonococci. 


In summary, the case was one of gonococcie endocarditis, gonococcic 
bacteremia with terminal hemolytic streptococcic bacteremia and sep- 
ticemia, superimposed upon chronic endocarditis. The time of onset 
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of symptoms was about two months after the appearance of acute 
urethritis. The clinical diagnosis was confirmed by positive broth 
blood cultures for gonococci taken five days before death, and by 
necrospy findings, all of which were characteristic of the disease. 


DISCUSSION 


The principal interest in the case was the presence of mycotic aor- 
titis, with rupture of the aorta into the pericardium, the etiological 
factor being the gonococeus. It is also noteworthy that the diagnosis 
rests upon a single antemortem blood culture, although the pathologist 
was able to anticipate the diagnosis at necropsy without this -infor- 
mation. 

The finding of the Streptococcus hemolyticus in the postmortem 
cultures might appear to cast doubt upon the diagnosis. As far as can 
be determined, no cases of mycotic aortitis caused by the hemolytie 
streptococcus have been reported in the literature. The organism is 
frequently present in the blood stream, and any pronounced tendency 
to cause lesions similar to those present in this case would certainly 
have been noted. Had the gonococcus not been recovered by the blood 
culture during life it would have been necessary to disregard the 
presence of the hemolytic streptococcus in the postmortem cultures 
and look elsewhere for the cause of death. The pathological findings 
would strongly have suggested the gonococeus or meningococcus as 
the probable invading organism. The cultivation of an hemolytic 
streptococcus from the vegetations was merely an expression of their 
presence in the blood stream. 

The presence of a purulent pericarditis with sterile cultures does 
not detract from the fact that this condition was due to gonococeus in- 
fection. In this respect it is interesting to note that in cases of 
meningococcie pericarditis the cultures are often sterile. Elser’ was 
unable to recover the meningococeus from the pericardial fluid in three 
eases of general meningococcie infection with complicating purulent 
pericarditis, although in one case the organisms were demonstrated 
bacterioseopically. It is also true that the pneumococcus may die out 
in old pericardial exudate. Meakin* states that pericarditis is always 
present in gonorrheal endocarditis, but in Thayer’s*® series its presence 
was noted in only 20 per cent of the eases. 

The question of the occurrence of acute bacterial endocarditis on 
heart valves not previously diseased has never been satisfactorily set- 
tled. In this case there was evidence, both historical and anatomical, 
of preexisting aortic valvular disease. The aortic valves were thick- 
ened and the heart itself showed more hypertrophy than could have 
been caused by an endocarditis of recent onset. 

Aortitis and mycotie arteritis have been described in endocarditis 
eaused by the Streptococcus viridans, the gonococcus, and the Micro- 
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eoecus zymogenes. The relative frequency is about in the order named. 
The hemolytic streptococeus has never been shown to be an etiological 
factor in the production of these lesions. In the case here reported 
the appearance of the aneurysm was somewhat deceptive because of 
its location and contour, but microscopic sections showed that the 
lining of the sae consisted of pericardium rather than sacculated wall 
of the aorta. 

The severe nephritis, which was a prominent feature in this case, 
is common in gonococcie endocarditis although not sufficiently so to 
make it of diagnostic importance. According to Libman*‘ severe forms 
of nephritis are common in other forms of bacterial endocarditis. Em- 
bolic phenomena were present in this case but they are in no way diag- 
nostic of the type of endocarditis. 

The high leucocyte count which was constantly present, is also 
characteristic of the disease in general but it is of little diagnostic 
importance. In cases of subacute bacterial endocarditis, a leucocyto- 
sis is frequently present during complications, such as infarets, and 
in gonococcie endocarditis severe complications are common and may 
be accountable for the high leucocytosis. 

From a clinical standpoint the differential diagnosis between the 
various forms of endocarditis is difficult. The positive diagnosis of 
gonococcic endocarditis can be made only by the recovery of the 
organism from the blood stream. The high leucocyte count, not infre- 
quent pericarditis, and usually severe nephritis, as well as the gen- 
erally severe and rapidly fatal course of the disease are all character- 
istic features, but they may occur in other types of endocarditis, 
particularly among those of the staphylococcus and pneumococeus 
groups. The presence, or recent history, of gonorrheal urethritis is 
only presumptive evidence and cannot be said to exclude other organ- 
isms as etiological factors. Acute urethritis is extremely common and 
its presence in eases of meningitis or bacterial endocarditis is not 
alone proof that the gonococcus is the cause of the disease in each ease. 

I am indebted to Dr. Lewis A. Conner for permission to report this 
ease and to Dr. Nellis B. Foster and Dr. Wm. J. Elser for helpful 
criticism. 
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THE VALUE OF THE X-RAY IN DETERMINING THE CAUSE 
OF AORTIC REGURGITATION* 


V. Leppetrer, M.D., Houston, Texas, 
GrEorGE W. Houmes, M.D., anp Paut D. Wuire, M.D., 
Boston, Mass. 


INTRODUCTION 


ORTIC regurgitation may result from the following conditions: 

first, ‘‘rheumatic’’ endocarditis with ulceration, fibrosis and con- 
tracture of the valve leaflets; second, syphilitic ulceration and erosion 
of the valves or dilatation of the aortie ring in aneurysm of the ascend- 
ing aorta; third, arteriosclerosis of the aorta when there is imperfect 
closure of the leaflets; fourth, rarely hypertensive heart disease with 
functional dilatation of the aorta and aortic ring; fifth, occasionally 
severe anemia; and sixth, but rarely, trauma. Ordinarily the cause 
is evident and we are able to place it under one of these headings 
and sometimes under more than one. 

There are cases of aortic regurgitation, however, which are puzzling 
etiologically and in which one seeks the aid of all methods in differ- 
entiating them, because the prognosis to a considerable extent depends 
upon the etiology. For example, syphilitic aortic regurgitation is a 
very serious condition and generally means death in a few months or 
a few years at the best, even if diagnosed early, while rheumatic 
aortic regurgitation in the absence of heart failure may be borne for 
twenty or thirty years. Now and then in routine examination (as 
for insurance) an aortie diastolic murmur is discovered in a middle- 
aged person otherwise apparently healthy. It is of great importance 
to determine the etiology of this aortic regurgitation. The value of 
the x-ray in such a case aroused our interest in the subject and 
occasioned the present investigation. 

An editorial in the American Journal of Roentgenology in 1922' 
called attention to the fact that the x-ray is accepted for the detection 
of aneurysm, but is used to a less extent for the estimation of the 
size of the heart and study of the great vessels. The writer of the 
editorial felt that it was undue conservatism that impeded the use 
of the x-ray in the study of the heart. Our investigation of the litera- 
ture since that time has shown us that this is still more or less true. 
This fact enhances the value of the report of our findings. 


*From the X-ray Department and Cardiac Clinics and Laboratory of the Mas- 
sachusetts General Hospital, Boston. . 
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LITERATURE 


In a survey of the literature it becomes evident that the chief study 
of the heart and aorta by the x-ray is of foreign origin. Groedel*® and 
Vaquez and Bordet* have written excellent textbooks concerning the 
use of the x-ray in the study of the normal and pathological heart 
and aorta. Both books stress the value of studying the aorta in all 
views. Neither one, however, has discussed satisfactorily the differ- 
ential diagnosis of aortic regurgitation. Wessler and Jaches* pointed 
out the value of early roentgen diagnosis of syphilitic processes in 
the aorta before aneurysms form or the aortic valves become in- 
volved. Brown’ and Elliott® emphasized the value of the x-ray in 
early diagnosis, and the latter went so far as to say that, with modern 
methods, we are guilty of neglect if we do not routinely examine the 
aorta in syphilitic patients. The Beretervides’ have studied 77 ortho- 
diagrams taken in 52 children with inherited syphilis and compared 
them with those of healthy children, and have found an abnormally 
large diameter of the ascending aorta in syphilitic children, which 
they believed is marked enough to be termed a new finding in congen- 
ital syphilis. Gluck*® reported the death of an infant aged twenty 
months from intrapericardial rupture of an aortic aneurysm. How- 
ever, neither the Beretervides nor Gluck mentioned aortic regurgita- 
tion of syphilitic origin in children, and in going over the records at 
the Massachusetts General Hospital, we have not found such a ease. 
Symmers and Wallace,® and Symmers,’’ and many others have pointed 
out the frequency with which the aorta is attacked in syphilis. Pap- 
penheimer and Von Glahn," who gave Klotz eredit for being the first 
to give serious study to the histological lesions in the aorta resulting 
from rheumatie fever, have also made careful observations and have 
found considerable pathological change in the walls of the aorta, un- 
doubtedly due to acute rheumatic fever. Clinical study of the aorta 
by x-ray would have been of interest in their series, since Deusch” 
wrote that in very rare cases tuberculosis and articular rheumatism 
may produce such changes in the arterial wall that there results dila- 
tation which may be shown by x-ray. Deusch (agreeing with Rom- 
berg) felt that striking enlargement of the ascending aorta is not 
unusual in any marked aortie regurgitation, and that it is the result 
of the continued expansion of the vessel wall from the rise in blood 
pressure, as a result of which there occur early sclerotic changes in 
the vessel wall and loss of elasticity. He felt also that there is the 
possibility of a functional dilatation of the aorta during life which is 
not found postmortem. Allbutt'* writing in 1915 expressed hope 
that the x-ray would be a means of successfully determining diseases 
of the aorta. MaclIlwaine™ stated that x-ray examination in most 
cases of aortic endocarditis of a syphilitic nature showed enlargement 
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of the aorta. Deneke’ insisted that the differentiation of arterio- 
sclerotic and syphilitic aortic disease is readily determined by study- 
ing the aorta in all diameters. He warned that they may coexist but 
should be differentiated. Boden’ thought it easy to find caleareous 
plaques in the aorta with arteriosclerosis. He demonstrated them in 
9 out of 36 patients between the ages of fifty and seventy years, 
Karshner and Kennicott™ mentioned the value of the x-ray in the 
differential diagnosis of aortic involvement in hypertension, arterio- 
sclerosis, senility, syphilis and rheumatic aortic regurgitation. They 
preferred fluoroscopic examination to the teleoroentgenogram in the 
study of the aorta. 


PRESENT INVESTIGATION 


In the present series a total of 34 cases of aortic regurgitation taken 
from the records of the Massachusetts General Hospital were stud- 
ied. Of these 34 cases, 13 were syphilitic (Table I), 6 arteriosclerotic 
and hypertensive (Table II), and 5 rheumatie aortic regurgitation 
without other valvular disease (Table III). The remaining 10 eases 
were rheumatie aortic regurgitation plus mitral valve involvement in 
the form of stenosis or regurgitation or both (Table IV). All the 
cases with the exception of the last 10 were selected because there 
was some question of etiology. In the accompanying tables the age, 
sex, past history (briefly), blood pressure, Wassermann reaction and 
electrocardiogram (where taken) are correlated with the clinical and 
x-ray conclusions. Each type will be taken up and discussed inde- 
pendently. Aortic regurgitation due to anemia or trauma is not 
included in this series, since it is very rare. 

We shall diseuss the technie of our mode of examining the heart 
and great vessels by the x-ray, and what we consider the salient 
differential points in a given ease of aortic regurgitation. 

Technic.—The x-ray examination of the heart and great vessels as 
carried out at the Massachusetts General Hospital consists of a fluoro- 
scopic study, preferably with the patient in the upright position, and 
one or more plates taken at a 7-foot target skin distance. In the 
fluoroscopic examination observations include anteroposterior, pos- 
teroanterior, right lateral oblique, and left lateral oblique views. The 
movements of the heart and diaphragm during respiration are noted, 
and a tracing of the heart and great vessels made both in the antero- 
posterior and in the lateral views. In taking the plates especial care 
is observed in placing the patient, and in focusing the tube. The tube 
is focused over the base of the heart shadow, with its central ray at 
right angles to the transverse diameter of the chest. The patient sits 
erect, and the cassette containing the film is placed against the ante- 
rior chest wall. If the patient leans forward, as is customary in the 
taking of chest plates, there is some slumping of the heart, and con- 
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sequent distortion of the shadow. The exposure is made during quiet 
breathing. Plates taken during full inspiration show an abnormally 
small heart shadow and a straightened-out aorta, due to the down- 
ward excursion and rotation of the heart. The exposure time should 
occupy at least one second, so that the picture obtained will be of 
the heart in diastole. It is best to use a film with double screens and 
a higher voltage and slightly longer exposure time than that used in 
the taking of ordinary chest plates. 

From the x-ray examination, it should be possible to state (1) the 
size and shape of the shadow of the heart and great vessels both in 
the anteroposterior and in the lateral views, (2): the presence or ab- 
sence of abnormal pulsations or masses, (3) the character of the 
pulsations of the various chambers of the heart and (4) the respira- 
tory excursion of the heart. 

The differentiation of the various types of aortic regurgitation by 
x-ray is based largely upon the shape of the heart shadow and upon 
the presence or absence of dilatation of the aorta. 

In rheumatic aortic regurgitation without other valvular disease 
the shape of the heart shadow is fairly characteristic. The curve of 
the left ventricle is distinct. The increase in size varies somewhat in 
degree, but is always entirely to the left. The aortic shadow is 
normal in all views. When other valves than the aortie are involved 
or when dilatation of the auricles takes place, the increase in size be- 
comes general and the interpretation must be based largely upon the 
appearance of the aorta. In these late or complicated cases the value 
of the x-ray finding is much diminished. 

In aortic regurgitation of syphilitic origin the x-ray findings to be 
looked for are (1) an inerease in the supracardiae shadow, which 
is usually found just above the heart shadow, to the right of the 
sternum in the region of the aortic valve, (2) abnormal pulsations in 
the region of the ascending aorta, (3) a cone-shaped supracardiac 
shadow, (4) a flattened aortic knob, (5) pyramid-like shadows ex- 
tending upward from the aorta in the region of the innominate and 
subelavian arteries, and (6) changes in the appearance of the heart 
shadow,—either a moderate general enlargement accompanied by a 
poorly defined left ventricle and flabby beat, or a marked enlarge- 
ment of the left side of the heart, with a blunt apex and horizontal 
position. 

In arteriosclerosis with aortic regurgitation the enlargement of the 
heart may not differ from that of the syphilitic type, but the aorta is 
tortuous rather than dilated, so that in the oblique view the actual 
diameter of the ascending aorta is not increased, although there may 
be marked increase in the supracardiac dulness in the anteroposterior 
view. The aortic knob is prominent, not flattened as in syphilitic 
aortitis, and calcified plaques may be visible. 
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With the rare functional aortic regurgitation in hypertensive heart 
disease there is always some enlargement of the heart. In comparison 
with the syphilitic heart, the hypertensive heart is the more sharply 
defined, and the outlines of the various chambers are more distinet. 
The enlargement of the aortic shadow is usually manifest as a diffuse 
dilatation of the entire aorta. It may or may not show evidence of 
arteriosclerosis. 

An unusually high diaphragm may also produce an increase in 
supracardiae dulness. This condition, however, is not accompanied 


Fig. 1-A. Fig. 1-B. 

Fig. 1-A.—Case P. P. (see Table I). Syphilitic heart disease, with involvement 
of the aorta and aortic valve. The enlargement of the heart is downward and to the 
left, and is confined to the region of the left ventricle. The supracardiac shadow is 
increased both in the anteroposterior and in the lateral views. The aorta is also 
prominent in its ascending portion, and there is a shadow extending upward from the 
arch, which suggests dilatation at the junction of the innominate artery. 

Notre. A, anteroposterior view. L, lateral view of aorta (and great vessels). 
These signs refer to the following figures also. 

Fig. 1-B.—Teleoroentgenogram. Case P. P. from Table I. 


by any change in the heart itself, or by actual increase in the diam- 
eter of the aorta. 


CASES 


Syphilitic aortic regurgitation (see Table 1). Of these 13 eases, 11, 
or 84.6 per cent, had positive Wassermann reactions, 2, or 15.4 per 
eent, negative. From the standpoint of the Wassermann reactions 
alone the x-ray was of great value in those two cases with negative 
reactions, aged forty and forty-five years, at a time when it is most 
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important to make a diagnosis. It is well to mention here that eon. 
versely a positive Wassermann reaction with aortic regurgitation does 
not mean necessarily that the aortic process is syphilitic. Rheumatie 
endocarditis with incidental lues may be present. 

The average systolic blood pressure in these 13 cases was 147 mm. 
and the average diastolic presure 41 mm. Thus it seems that here, 
instead of a high systolic, it is a high pulse pressure that further 
dilates a diseased and weakened aortie wall. In ease O.P.D. 523470 
there was an undoubted Austin Flint murmur which in all respects is 
identical with the murmur of mitral stenosis. Had this been inter- 
preted as a murmur of true mitral stenosis, according to some ob- 


- 
Fig. 2-A. Fig. 2-B. 

Fig. 2-A.—Case O. P. D., 528637 (see Table II). Advanced arteriosclerosis with 
hypertension and aortic regurgitation. The heart shadow is enlarged to the left in 
the region of the left ventricle. There is also a marked increase in the supracardiac 
shadow, but in the.oblique view there is no definite increase in the size of the aortic 
shadow. The increase in the supracardiac shadow is due largely to the tortuosity of 
the aorta. 

Fig. 2-B.—Teleoroentgenogram. Case O. P. D. 528637 from Table II. 


servers, this would have meant rheumatic heart disease; here the 
x-ray clearly demonstrated syphilitic aortitis. The x-ray and clin- 
ical interpretations differ in O.P.D. 557169; this illustrates the diffi- 
culty that one may meet when arteriosclerosis and syphilis are com- 
bined. Ordinarily syphilitic heart disease manifests itself before the 
arteriosclerotic age, yet it is well to remember that it may be seen 
earlier or later in life, depending on when the infection was acquired. 
The last case in this series P.P. (see Fig. 1 and Fig. 1-A) had been 
under the care of two excellent internists for several years, and a few 
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months previous to the time that one of us saw him they had found 
a beginning aortic diastolic murmur. The Wassermann reaction at 
the time was negative; the etiology was, therefore, in doubt. On 
making an x-ray study of the aorta, a perfectly characteristic syph- 
ilitie process was found. Later a strongly positive Wassermann reae- 
tion was reported which dispelled any doubt as to the etiology. 
Aortic regurgitation in hypertensive and arteriosclerotic heart dis- 
ease (see Table II). In this series, in contrast to the other groups, 
there is marked hypertension, the average systolic pressure being 
208 mm. In all the cases there was an increase in the supracardiae 
shadow (?), but with the exception of two cases the aorta was normal 
in the oblique plane. This is well illustrated in Fig. 2-A and Fig. 2-B. 


> 
Fig. 3-A. Fig. 3-B. 

Fig. 3-A.—Case E. Med. 255588 (see Table III). A case of uncomplicated, aortic 
regurgitation of rheumatic origin. The heart shadow is enlarged downward and to 
the left. The supracardiac shadow is not increased. The shadow of the aorta appears 
normal both in the anteroposterior and in the lateral views. A Wassermann test was 
strongly positive in this case, and clinically a syphilitic heart lesion was suspected. 
At autopsy, no evidence of syphilis of the heart or aorta was found. The pathology 
was confined to the aortic valve, and was characteristic of the rheumatic type. 

Fig. 3-B.—Teleoroentgenogram. Case FE. Med. 255588 from Table ITT. 


In the first exception, W. Med. 254233, there is a general dilatation of 
the aorta. This may not be unusual in hypertension. The general 
aortic dilatation is to be differentiated from the rather localized 
dilatation of the ascending aorta in syphilis where there occurs a 
cone-shaped shadow. In very rare eases arteriosclerosis has been 
found to produce this cone-shaped shadow simulating syphilitic aor- 
titis. The second exception, case E. Med. 255245, is probably to be 
explained upon the hypothesis that the patient previously had had a 
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marked hypertension, again resulting in general aortic dilatation. 
The patient had slight congestive failure and it has been our observa. 
tion that with the onset of congestive failure there often is a drop in 
blood pressure. 

Rheumatic aortic regurgitation (see Table III). Aortic regurgita- 
tion of rheumatic origin without other valve lesions is thought to be 
an infrequent condition. The five cases in Table III, however, show 
that it is not rare for it to be present without the usual mitral lesion. 
Such a finding in a patient between the age of thirty and forty is 
rather disturbing, that is, before it is definitely proved that the proe- 
ess is not syphilitic. This is particularly true if a positive Wasser- 


Fig. 4-A. Fig. 4-B. 

Fig. 4-A.—Case from Table IV. A typical case of rheumatic heart disease, with 
multiple valvular involvement. There is a general enlargement of the heart shadow, 
without increase in supracardiac dullness. The size of the shadow of the aorta is 
about the same both in the anteroposteior and in the oblique views. The enlargement 
of the heart shadow to the right is absent in uncomplicated aortic lesions. 


Fig. 4-B.—Teleoroentgenogram. Case from Table IV. 


mann also be present. Case E. Med. 255588 is such a case; here we 
have a pulse pressure of 115 mm. and a diastolic pressure of 15 mm., 
the latter in particular being thought by some to be indicative of 
syphilitic aortic regurgitation. It so happened that the Wassermann 
reaction was repeatedly strongly positive in this man; this was enough 
to swing the clinicians from a previous diagnosis of rheumatic heart 
disease, despite the fact that the x-ray findings did not indicate 
syphilis. At autopsy the x-ray was proved correct (see Fig. 3-A and 
Fig. 3-B)—a chronic rheumatic and subacute bacterial aortie endo- 
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carditis was found. This case moreover is of great interest from the 
standpoint of the mechanism of angina pectoris. No disease of the 
aorta or coronary arteries was present, but there was a vegetation 
on one of the aortic valves large enough to swing over and occlude 
the left coronary artery thus explaining the pain. Case W. Med. 
953850 had a past history highly suggestive of syphilis though he did 
not have a positive Wassermann. However, the x-ray served def- 
initely to point out that the process was nonsyphilitic. 

Rheumatic aortic regurgitation plus mitral involvement (see Table 
IV). It is notable that in these cases the x-ray department easily 
made the diagnosis of rheumatie heart disease and in all instances 
agreed with the clinical findings (see Fig. 4-A and Fig. 4-B). There 
are two eases that are well worth discussion. The first, W. Med. 
265219, was a female aged twenty-eight years with a positive Wasser- 
mann reaction and aortie diastolic and mitral mid-diastolie murmurs. 
Although it was definitely felt that her cardiae lesions were of rheu- 
matie origin it was of no little aid to know by the x-ray that there 
was no evidence of increase in size of the aorta. One must remember 
that a syphilitic process may also be present with rheumatic involve- 
ment. In our observations the x-ray has not shown any localized 
change in the aortie shadow in rheumatie aortie regurgitation, despite 
the fact that definite lesions have been found by Pappenheimer and 
Von Glahn" histologically, and in rare eases by Deusch’™ by x-ray. 
The second ease, Med. 260656, again shows the fallacy of considering 
too strongly a low diastolic pressure as indicative of syphilitic process. 
In this instance it was so low as to be ealled zero. 


SUMMARY 


1. Thirty-four cases of aortic regurgitation of various types have 
been studied by us with particular reference to the x-ray findings. 
2. We have found that the x-ray is of distinet help in differentiat- 
ing between aortic regurgitation of syphilitic, rheumatic, arterioscler- 
otic, and hypertensive origin. The chief points of differentiation are 
discussed. Our method of study of the heart and aorta by the x-ray 


is presented. 
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EXPERIMENTAL HEART DISEASE* 


I. Metuops oF Divininec HEARTS; WITH SECTIONAL AND PROPORTIONAL 
WEIGHTS AND Ratios ror Two Hunprep Normat Dogs’ Hearts 


GreorcGE R. HERRMANN, M.D., 
New OreEans, La. 


INTRODUCTION 


EART muscle changes present many important problems of clin- 
ical as well as fundamental or theoretical interest. The study* ? 
of a large series of human hearts in which the antemortem electro- 
eardiographie signs and the postmortem sectional and proportional 
heart weights and ratios were frequently not in aceord, when the 
hearts were only slightly or moderately enlarged, prompted the inves- 
tigations that are to be reported in this and subsequent papers. 
Advances in the knowledge of the fundamental factors in heart 
disease must rest in some measure at least upon carefully controlled 
experimental cardiological studies. The reliability of deductions from 
the results of investigations is. directly proportional to the standard- 
ization of methods and the adequacy of control series for the normal 
and the experimental animals. To this end I shall discuss in detail 
the methods used and report in detail my checked control data for 
two hundred normal dogs. Extensive tables will be included giving 
the sectional and proportional weights and ratios, the mean averages, 
the normal limits and the statistical functions for the various seg- 
ments of the dog’s heart. 


The values for the sections ovtained by both the standard methods, 
the author’s, midseptal line and anteroporterior angle bisecting method, 
and Lewis’, conus tendon and tangential septum cuts method, are 
recorded. Dogs were chosen as the most suitable of the ordinary ex- 
perimental animals for this type of work, because the hearts are of 
sufficient size to be divided and weighed with a fair degree of accuracy. 


Although primarily undertaken to determine the effect of preponder- 
ant left ventricular hypertrophy accompanying experimentally pro- 
duced aortic insufficiency, upon the electrocardiogram of the dog, the 
research rapidly broadened out to touch upon many of the funda- 
mental questions of the cardiae and especially the myocardial response 
to stress, strain, traumatic and toxic injury and infection. 


*From the Cardiological Laboratory, University of Michigan Hospital, and the 
Department of Medicine, Tulane University of Louisiana School of Medicine. 

Presented in part at the 10th Anniversary Meeting of the Peter Bent Brigham 
Hospital, May 24, 1923, and in part before the American Society for Clinical Investiga- 
tion at Washington, D. C., May 4, 1925. 
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METHODS 


Inasmuch as some studies using somewhat different and, in our 
opinion, less accurate methods, have been made, it seems advisable to 
discuss at some length the methods of sectioning human as well as 
dogs’ hearts. The preparation and the fixation of the hearts for 
sectioning are also given in detail. 

Miiller’s* traditional method was carried out on fresh soft heart 
muscle according to directions that are but briefly stated. These 
factors tend to introduce error, as Lewis pointed out, and make the 
establishment of normal standard ratios difficult. In the inadequate 


Cuts 
(Lewis method) 


Fig. 1.—Outline drawings representing the longitudinal and cross sections and the 
anterior and posterior views of a heart, with the locations of the midseptal cut of 
the author’s method indicated by a heavy dash line, and the three cuts of Lewis’ 
method indicated by lighter dash dot lines. 


description of the method the author mentions only the landmarks 
of the superficial cuts used in the separation of the fresh ven- 
tricles. A cut is carried along the interventricular groove ante- 
riorly and posteriorly. Then, in order to separate the septum 
which is not so clearly marked off from the left ventricle as it 
is from the right, the muscle is cut radially along the incision made 
for the removal of the right ventricle. Wolfer* modified the method 
by making a superficial incision in the interventricular suleus and 
carrying out the separation by blunt dissection, which removed the 
free walls of the right ventricle, leaving the septum with the left 
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ventricle which thus remained a complete unit with a closed cavity. 
This modification has, however, won no advoeates. 

Lewis”> Method requires careful preparation of the specimen and fixa- 
tion before the dissection is undertaken. The results are more uniform, 


| 


Fig. 2.—Photographs of the cross sections of the heart of dog No. 59, showing on 
the left side the ventricles separated by the author’s method and.on the right the 
same sections after the cuts of the Lewis’ method had been made. This figure shows 
how easily both methods of dissection can be used in the same heart. 


reliable and standard. Lewis’ descriptions are very concise and will 
consequently bear repeating. 

The cavities of the fresh heart, with the parietal pericardium re- 
moved and the vessels cut short, are washed free of blood and clots. 
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The water is allowed to drain off and the specimen is weighed. The 
orifices are all closed by tying or clamping off all of the great vessels. 
The heart cavities are then distended by the injection of 10 per cent 
formalin solution into them with a syringe and needle. The distended 
heart is then immersed in 10 per cent formalin for four to seven days, 
according to its size. The weight of the specimen increases during 
this stage. The orifices of the fixed heart are then opened, the formalin 
is drained off, and the specimen is washed in running water for one 
or two days. The fixed heart is then placed in a 70 per cent alcohol 
solution, in which there is a loss of weight, for six or seven days or 
until the weight is back to the original figure. The epicardium, sub- 
epicardial fat and the coronary vessels are removed by careful dis- 
section. The valves, chorda tendinae and any remaining clots are 
removed. The intact, clean ventricular muscle is then weighed. 

Lewis’ Method for the Separation of the Ventricles (see Figs. 1 and 
2) is earried out as follows: Large hearts are bisected horizontally 
and the cuts in the upper portion are subsequently made in the lower 
portion. The first cut runs parallel to the septum, beginning at its 
junetion with the right wall above and posteriorly taking as much of 
the right wall as is necessary to make the cut tangential to the septum 
where it joins the wall, and at the same time separating from the 
septum all loose ventricular trabeculae and the papillary muscle. The 
second cut is along the straight white fibrous line (conus tendon) which 
unites the pulmonary conus arteriosus (infundibulum) to the septum 
and the left ventricle anteriorly, and is carried downward generously 
enough to separate all loose ventricular trabeculae from the septum 
and retain the infundibulum as a complete muscular tube. On the 
anterior surface of the heart the cut lies in the interventricular sulcus 
throughout its course until it joins the posterior cut. These two cuts 
prolonged to the apex leave no deep sulci upon the septal wall. The 
third cut is parallel to the first at the junction of the left wall with 
the septum above and posteriorly, in a line tangential to the cavity of 
the left ventricle at the center of the septum and passing into the 
second cut in front approximately at the center of the conus tendon. 
This eut continued downward separates the left ventricle from the 
septum as a chamber with a vertical opening 1 to 2 em. across because 
of the curvature of the septum toward the right. 

The three segments are placed in water and weighed separately 
every day until the weights are constant from day to day. There is 
a final gain in weight in this stage, usually sufficient to restore the 
muscle to its original weight with sufficient precision. The A-V node 
region may be prepared with the septum, an equal amount of auricular 
wall being weighed and the amount subtracted from the septal weight. 

The Author’s Method was originated to meet the desires for a less 
arbitrary and more precise, as well as more natural, method of separa- 
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tion of the ventricles. Modifications in the methods of preparation 
also had to be evolved to secure the desired concessions from the 
prosector, who is generally desirous of seeing the valves and the endo- 
cardial surfaces in the fresh state during the autopsy. 

The parietal pericardium, if still attached, is removed. The pad of 
fat at the root of the great vessels is removed. The aorta and pul- 
monary artery are cut off at the level of the tops of the valve com- 
missures and the veins are removed flush with the auricular wall. 
The auricles are opened by cuts joining the venous orifices and ex- 
tending into the auricular appendages. The fat in the A-V groove is 
then about equally divided between auricles and ventricles, while the 
coronary arteries are palpated and pressed down and left intact on 
the ventricular muscle. The knife is passed through the auricular wall 
from the incision in the fat of the A-V sulcus to the valve ring at 
which the auricular muscle is attached. This attachment is severed 
all around except when the A-V node, bundle and branches are to 
be preserved intact for special study, under which circumstances the 
euts separating the interauricular septum from the interventricular 
septum are carried up from the valve ring attachment to the level 
of the top of the coronary sinus orifice in the right auricle. A section 
of the interauricular septum equal to that left attached to the top 
of the interventricular septum is weighed and its weight subtracted 
from the ventricular weight and septal weight. 

The auricles may be divided by splitting the septum, and weighed 
individually. Fluid blood or any remaining clots are then expressed 
from the ventricles and the weight of the fresh and uncleaned muscle 
determined. All the valve leaflets or cusps, chorda tendinae, and the 
ventricular endocardium are well exposed. The valve segments may 
be floated up and the rough hydrostatic test of function may be per- 
formed by running water into the ventricles. The ventricular capac- 
ities may be measured with water and with mereury at this point. 
The mereury distended ventricles are suspended in 10 per cent for- 
malin from hat pins thrust through the base. The ventricles may, 
however, be fixed undistended. Further dissection may be carried 
out in the fresh state or one may postpone the separation until after 
fixation is complete. When possible it is best to fix the ventricular 
muscle completely before undertaking the separation of the ventricles. 

The coronary arteries are then slit open beginning at their orifices 
in the aortic sinuses and following the vessels around the A-V groove 
and down the anterior and the posterior interventricular sulci. The 
whole top plane, including all the valves and the roots of the aorta 
and the pulmonary artery, may be removed in toto and preserved to 
be subsequently fitted on a plaster model of the ventricles. To accom- 
plish this a cut is made just through the epicardium in the greatest 
circumference. The epicardium, vessels and fat are dissected back 
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over the conus and the rounded bases of the ventricles to the valve 
rings and the roots of the great vessels. The chordae tendinae are al] 
severed at the apices of the papillary muscles. With the epicardium, 
vessels, fat and basal tissues retracted to the A-V valve rings, the 
latter are cut through and the mitral and tricuspid valves are freed. 
The basal tissues with the A-V valves can then be retracted suff. 
ciently to expose the junction of the semilunar cusps and the endo- 
eardium. This junction is then used as a line of separation and the 
roots of the aortae are dissected free from below up and the whole 
base with all valves ean be lifted off the ventricular muscle. The 
remaining epicardium, fat and coronary vessels are all removed. The 
cleaned ventricular muscle fresh or fixed is weighed and the capacities 
of the cavities estimated with mereury and recorded. 

The fixation procedure that we have employed consists in immer- 
sion in 10 per cent formalin for ten to fifteen days. This simplified 
method of fixation has many advantages, chief among which is the 
ease with which the ventricular muscle can be brought back to its 
autopsy weight, as well as being completely fixed. In daily weigh- 
ings of a large series we noted an initial gain of a few to several 
grams in the ventricular weight during the first two to four days, 
and then a gradual fall to the autopsy weight in six to ten days. 
From this point on there is very little change for several days, and 
the transfer of the specimen to water maintains the weight, while a 
continuation of the formalin stage causes a gradual but irreplaceable 
loss of weight. Occasionally the gain is slight or ni/ and there may 
even be a slight loss. Minor changes of this sort are, however, not 
of great significance, since the changes are proportional and do not 
affect the L/R ratio. In a goodly number of instances we have ob- 
served that an L/R ratio at the time of a gain in weight differed 
very little or not at all from that ealeulated after there had been 
considerable loss in weight. It is, however, desirable and we have 
always made it a point to work with specimens that have been re- 
stored to the original fresh or autopsy weight in order to have more 
accurate proportional ratios. 

The Author’s Method for the Separation of the Ventricles (see Figs. 
1 and 2) eonsists in dividing the ventricular muscle mass in the plane 
of the midseptal line. The latter line is an anatomical landmark 
formed by the intersection of the scroll muscle layers from the two 
ventricles. This fact, in my opinion, makes the method less arbitrary, 
less subject to error and less influenced by the degree of distention of 
the ventricular cavities. 

The cleaned and fixed ventricular muscle mass is cut horizontally ; 


that is, at right angles to the long axis, into a series of sections of 
one to two centimeters in thickness. A quick cut with a sharp, thin 
brain knife will bring- out the midseptal line most conspicuously. 


HERRMANN: EXPERIMENTAL HEART DISEASE 219 


Each segment is then divided in the plane of the midseptal line which 
is apparent on the cut surfaces. Anteriorly and posteriorly where 
the lines form to go to each ventricle, the cuts are made in a plane 
bisecting the angle between the forks which bring them into the 
plane of the interventricular sulci. In the case of the upper segment, 
the cut is earried along the conus tendon through the middle of the 
top of the interventricular septum, thence directly backward grossly 
bisecting the wide angle to the posterior suleus. The incision on the 
superior surface and that along the midseptal line on the cut or 
inferior surface are joined by the knife blade, thus completing the 
division in the plane of the midseptal line. In the case of the apex 
segment there is a midseptal line and angles to be followed on the 
superior surface only and in order to complete the separation in the 
plane of this line, the interventricular sulci marked by the terminal 
branches of the anterior and posterior descending coronary vessels 
are followed as landmarks. The plane of the midseptal line is usually 
perpendicular to that of the superior surface of the apex segment and 
along the line on this surface. 

In the separation of the ventricles by this method the septal muscle 
is distributed between the two ventricles and consequently cannot be 
weighed separately. However, after a series of weighings at intervals, 
the segments may be further sectioned according to the method of 
Lewis (see Figs. 1 and 2). The latter procedure can be applied with 
ease and accuracy after the division by our method. Our midseptal 
line method may be applied to hearts in the fresh state, but more 
accurate, more reliable and more satisfactory results are obtained 
with the formalin-fixed ventricular muscle. 


PREVIOUS NORMAL SERIES AS CONTROL DATA 


The traditional method of Miiller, which is the most inaccurate of 
the standard methods, is practically the only one that has been em- 
ployed in the establishing of normal control series for experimental 
animals. Hasenfeld and Romberg*® reported average, maximum and 
minimum values for the heart weight, body weight and the right ven- 
tricular weight and the left ventricular weight ratios for a series of 
thirty-two normal rabbits. Great individual variations were noted 
and I believe this due to the fact that the rabbit’s heart is too small 
to be divided and weighed with any degree of accuracy whatsoever. 

In the ease of dogs, which I consider the only satisfactory animal 
for studies of this type, there is even a greater paucity of data avail- 
able. The heart weight body weight (H.W./B.W.) ratio alone for 
normal dogs had been reported to average 0.00970 by Heinz’ in 
Germany, while Joseph® in the United States had found the average 
ratio to be 0.00740. This difference was considered to be possibly 
due to the difference in the breed of dogs used. Hugh A. Stewart’s® 
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series of twenty normal dogs’ hearts, divided by Miiller’s method 
records the only figures thus far reported that are at all adequate. 
In this series the use of the obsolete method of Miiller for separating 
the ventricles probably accounts for the far too great a variation in 
the L/R (left ventricular to right ventricular) weight ratios whieh 
I have ealeulated. In Stewart’s series the H.W./B.W. ratio ranges 
from 0.00609 to 0.00856, the average being 0.00721. I have found the 
left ventricular weight right ventricular weight (L/R) ratio for 
Stewart’s series to range from 1.460 to 2.590 with an average of 1.950. 
The left ventricular weight body weight (L.V.W./B.W.) ratio varies 
from 0.00226 to 0.00358 with an average of 0.00315. The right ven- 
tricular weight body weight (R.V.W./B.W.) ratio varies from 0.00122 
to 0.00215 with an average of 0.00158. The septum weight body 
weight (S.W./B.W.) ratio varies from 0.00114 to 0.00215 with an 
average of 0.00166. The total cleaned and fixed ventricular weight 
body weight (C.&F.V.W./B.W.) ratio varies from 0.00515 to 0.00760 
with an average of 0.00647. The auricular weight body weight 
(A.W./B.W.) ratio varies from 0.00058 to 0.00111 with an average of 
0.0080. 
NEW CONTROL DATA 


With this small series, divided by a more or less obsolete method 
(Miiller’s), as the only standard normal control values, it was con- 
sidered essential first to establish a broad standard. To this end the 
hearts of two hundred normal dogs of various sizes, types and mongrel 
breeds have been divided by the author’s method and by Lewis’ 
method 

In Table I the various weights, body total and sectional, together 
with the various ratios, have been recorded. The columns in order 
contain: 


1) Body weight of the dogs in kilograms; 

(2) Total fresh heart weight in grams; 

(3) Fresh auricular weight in grams; 

(4) Fresh ventricular weight in grams; 

(5) Cleaned and fixed ventricular weight in grams; 

(6) Left ventricular weight in grams after separation by author’s method; 
(7) Right ventricular weight in grams after separation by author’s method; 
(8) Ratio of left ventricular weight to right ventricular weight after separa- 


tion by author’s method. (Bold type.) 
(9) Septal weight after separation by Lewis’ method. 

(10) Left ventricular weight after separation by Lewis’ method; 

(11) Right ventricular weight after separation by Lewis’ method; 

(12) Ratio of left ventricular weight to right ventricular weight after separa- 
tion by Lewis’ method. (Bold type.) 

(18) Ratio of the total fresh heart weight to the body weight; 

(14) Ratio of the fresh auricular weight to the body weight; 

(15) Ratio of the fresh ventricular weight to the body weight; 

(16) Ratio of the cleaned and fixed ventricular weight to the body weight, 
which is the same as the cleaned fresh, since the weight after fixation 
is brought back to the fresh weight; 

(17) Ratio of the left ventricular weight, after separation by the author’s 
method, to the body weight; 


( 
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(18) Ratio of the right ventricular weight, after separation by the author’s 
method, to the body weight ; 

(19) Ratio of the septal weight after separation by Lewis’ method to the body 
weight ; 

(20) Ratio of the left ventricular weight after separation by Lewis’ method 
to the body weight; 

(21) Ratio of the right ventricular weight after separation by Lewis’ method 
to the body weight. 


The various figures for the hearts of eighty normal female dogs and 
eighty normal male dogs, for twenty dogs that died at operation, and 
for twenty dogs that were operated upon, but showed no valve lesions, 
have been set down in order, with the mean arithmetical averages for 
each column and for the whole series of 200 dogs in italies at the 
end of each group. 

TABLE IT 


IMPORTANT AVERAGES FOR VARIOUS GROUPS, MAXIMUM, MINIMUM VALUES AND 
GRAND TOTAL AVERAGES 


| 


“L.V.(H)/| (L)/|_B.V.(L)/ 


(C-&F.V.W./| 


H.W./B. 


| L/R(H)| L/R(L) 


Bw. | BW. BW. | BW. B.W. 
80F. 1.390 | 1.441 | .00792 | .00623 00361 | .00262 | .00299 | .00210— 
80 M. 1.393 | 1.456 | 00810 00651 | 00377 | .00273 .00312 .00217 
20 OP. 1.428 1.520 00759 | .00606 | .00305 | .00251 .00295 | .00201 
20 Se. 1.418 | 1.496 | .00816 | .00653 | .00382 | .00269 | .00317 | .00214 
} | | 
Max 1.773 1.880 | .00994 | .00872 00472 .00400 | .00388 | 00284 
| | | 
Min 1.153 1.150 | .00600 | .00467 .00268 00178 | .00222 | .00154 
Ave 1.393 1.461 00798 | .00635 .00369 00265 | .60306 | .00212 
200 | | 
TABLE III 
STATISTICAL TABLE FUNCTIONS 
Mean 1.398 1.459 00798 00636 
Median 1.390 1.454 .00796 .00672 
Mode Pearson’s IIT 1.388 1.450 .00765 .00675 
Standard Deviation 0.2705 0.3168 .0001036 .0007521 
Skewness ratio .413 353 .60636 .40412 


TABLE IV 


L/Rat)  0.95885562 
L/R() Sxy  0.95055205 
H.W./B.W. Sxy  0.91520807 
O.&F.V.W./B.W Exy  0.90582930 
L.V./ BW. Sxy  0.86775584 
LV/ BW 0.91045902 
L/R(1)/B.W. 0076985632 
L/R(1)/B.W. Sxy  .029285724 
0074650309 
L/R(L)/C.&F.V.W. 048952101 


series of two hundred normal dogs are 


In Table II the important averages of each group and for the whole 


given. In general the figures 


CORRELATION COEFFICIENTS 
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are remarkably uniform and constant. The averages for male dogs 
uniformly show slightly higher values than do those for the females. 
The average L/R ratios are greater in the smaller series than in the 
larger series. 


The mean arithmetical averages, with the minimum and maximum 
figures of the more important ratios for the control series from the 
two hundred normal dogs, will bear special mention. The L/R‘®) 
(left ventricular to the right ventricular weight separated by the 
author’s method) is 1.393 with a minimum of 1.153 and a maximum 
of 1.773. The L/R“™) (left ventricular to the right ventricular 
weight separated by Lewis’ method) is 1.461 with a minimum of 1.150 
and a maximum of 1.880. The H.W./B.W. (fresh total heart weight 
to the body weight, is .00798 with a minimum of .00600 and a maximum 
.00994. The C. and F.V.W./B.W. (the cleaned and fixed ventricular 
weight to the body weight) is .00635 with a minimum of .00467 and a 
maximum of .00872. The L.V.W./B.W.“ (the left ventricular 
weight by the author’s method to the body weight) is .00369 with a 
minimum of .00268 and a maximum of .00472. The R.V.W.“)/B.W. 
(the right ventricular weight by the author’s method to the body 
weight) is .00265 with a minimum of .00178 and a maximum of .00400. 
The L.V.W./B.W“ (the left ventricular weight by Lewis’ method 
to the body weight) is .00306, with a minimum of .00222 and a maxi- 
mum of .00388. The R.V.W./B.W.“™) (the right ventricular weight 
by Lewis’ method to the body weight) is .00212 with a minimum of 
.00154 and a maximum of .00284. 


STATISTICAL STUDIES OF THE CONTROL DATA 


The author is deeply indebted to Professor H. C. Carver and the 
Department of Mathematical Statistics of the University of Michigan 
for the statistical studies, detailed in Tables III and IV, of the data 
obtained from the two hundred normal control dogs. 

The important statistical functions” are as follows: For the L/R® 
ratio, the mean is 1.398, the median 1.390, the mode (Pearson’s IIT) 
1.388. The standard deviation 0.2705 and the skewness 0.413. For 
the L/R“) ratio, the mean is 1.459, the median 1.454, the mode 
(Pearson’s III) 1.450, the standard deviation 0.3168 and the skewness 
0.353. For the H.W./B.W. ratio, the mean is .00798, the median 
.00796, the mode (Pearson’s III) .00765, the standard deviation 
.0001036 and the skewness .60636. For the C. and F.V.W./B.W., the 
mean is .00635, the median .00672, the mode (Pearson’s III) .00675, 
the standard deviation .00075214 and the skewness .40412. 

The correlation coefficients (Sxy) obtained showed that practically 
no correlation exists between the L/R“ and the body weight (Sxy 
= .0076856); between the L/R‘) and the body weight (Sxy = 
0292857) ; between the L/R‘®) and the cleaned and fixed ventricular 
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weight (=xy .0074650) ; between the L/R“) and the cleaned and 
fixed ventricular weight (=xy — .048952). There is, however, very 
good correlation between the left and right ventricular weights by the 
author’s method (Sxy = 0.95885) ; between the left and right ventricu- 
lar weights by Lewis’ method (xy = 0.95055) ; between the total fresh 
heart weight and the body weight (xy = 0.915208) ; between the cleaned 
and fixed ventricular weight and the body weight (xy — 0.005829) ; 
between the left ventricular weight by the author’s method and the 
body weight (Sxy — 0.86775); between the left ventricular weight 
by Lewis’ method and the body weight (=xy = 0.910459). 


SUMMARY 


The standard methods for the preparation of hearts and the separa- 
tion of ventricles are given in detail. 

The complete data on two hundred normal dogs’ hearts are recorded 
as a standard control series. The separation of the ventricles was ac- 
complished both by the author’s method and Lewis’ method. The 
statistical studies of the data may be interpreted as favoring the 
author’s method, but the differences are relatively slight. Further- 
more, the author offers his method mainly as a step to facilitate a 
more accurate separation of the ventricles by Lewis’ method and to 
serve as a check of the accuracy of the weighings. 

In conclusion, it might be stated that this preliminary report may 
serve to standardize the methods and supply an adequate normal 
control series for dogs’ hearts. 
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OBSERVATION ON THE PROGRESSION OF CHRONIC 
VALVULAR HEART DISEASE* 


Frep M. Smiru, M.D., 
Iowa City, Iowa 


HE progressive nature of chronic valvular heart disease, while 

recognized, has apparently not been sufficiently appreciated. There 
have been very few instances, to my knowledge, in which this feature 
has been carefully studied in a series of cases. Mackenzie’ very early 
saw the importance of this type of investigation and thus greatly 
extended our knowledge of the course of chronic valvular heart dis- 
ease. Poynton’ has made interesting and valuable observations on the 
progress of cardiac disease in children with rheumatic fever. More 
recently Coombs’ has written a book on rheumatic heart disease, based 
on observations covering a period of years. 


In the present investigation the progression of the cardiac disability 
in forty patients with chronic valvular heart disease was carefully 
followed for a period varying from three to six years. These patients 
were seen at frequent intervals and questioned in regard to symptoms, 
and the changes in the physical findings were noted. Frequently the 
size of the heart was checked by the x-ray and in many instances 
routine electrocardiograms were taken. 


These forty patients are divided for convenience into four groups, 
according to the type of valve lesion present at the time of the first 
examination: (1) mitral stenosis; (2) mitral stenosis and regurgita- 
tion; (3) mitral regurgitation and (4) mitral and aortic regurgitation. 

In seven the initial diagnosis was mitral stenosis. The ages of the 
group varied from eighteen to thirty-five years. In four the age was 
under twenty-five years. Three gave a history of having had rheu- 
matic fever between the ages of seven and ten years which was prob- 
ably responsible for the initial eardiae infection. In the remaining 
four, no definite etiological factor was found in the past history. In 
the rheumatic group the duration of the cardiac lesion was estimated 
to be eleven, thirteen and fifteen years respectively. Two of the re- 
maining four had had, to their knowledge, some trouble with the 
heart for four to five years. In the other two the cardiac lesion was 
first discovered a few months prior to their coming under observation. 

In each of the seven patients there was a moderately high-grade 
mitral stenosis when first examined. Three were followed for five, 


*These observations were made in the Cardiac Clinic of the Central Free Dis- 
pensary, Rush Medical College, Chicago. 
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two for four, and the remaining two for three years. During the 
period of observation three died from cardiac failure. In one the 
onset of a permanent auricular fibrillation hastened the termination. 
In two the cardiac rate was persistently rapid and each was frequently 
observed to have a temperature of from 99.2 to 100° F. which was 
never explained other than on a cardiac basis. In each case routine 
electrocardiograms were taken and on different occasions these showed 
a delay in the conduction over the auriculoventricular bundle. Each 
of these patients was thought to have an active cardiac infection. 
Blood cultures were negative and embolic manifestations were absent. 
Finally the signs of cardiac failure appeared, which were followed in 
a few months by death. 

In another patient permanent auricular fibrillation became estab- 
lished two years ago. In the beginning the absolute irregularity ap- 
peared in paroxysms lasting from a few minutes to hours. Finally, 
after the irregularity apparently became established, the normal mech- 
anism was readily restored by quinidine sulphate. The mechanism 
would revert again to the auricular fibrillation within a few hours or 
days. This patient was followed for five years and during this period 
the cardiac disability, judging from the response to exertion, definitely 
progressed. The progression of the cardiac disability was far more 
apparent after the onset of the auricular fibrillation. 


In another patient who has been followed closely for four years a 
cardiac irregularity, in the form of premature auricular contractions, 
was first noted six months ago. Two months later he returned to the 
elinie because of palpitation of the heart and shortness of breath. He 
was found to have a paroxysmal auricular fibrillation which lasted for 
thirty-six hours. He has since had further attacks. The auricular 
fibrillation will no doubt soon become permanently established. Even 
though there has been no other change in the auscultatory findings 
and no demonstrable increase in the size of the heart during the period 
of observation, the appearance of the auricular fibrillation indicates 
a progression of the cardiac disability. 


In the two remaining patients still living, there has apparently 
been no change in the cardiae condition during three and four years 
respectively. They have sedentary occupations and appreciate the im- 
portance of protecting themselves against infections and avoiding 
overexertion. One of these men had a permanently established auricu- 
lar fibrillation when first seen. According to his story this had prob- 
ably been present for at least five years, yet there had never been 
any symptoms of cardiac failure, and on the numerous occasions when 
he was examined, the cardiac rate was never above 85 to the minute. 


In ten patients the diagnosis, at the time of the first examination, 
was mitral stenosis and regurgitation. In eight the ages were under 
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fifteen years. The ages of the remaining two were seventeen and 
thirty-five years, respectively. Five of the ten gave a history of rhey- 
matic fever between the ages of six and ten years. In four there had 
been repeated attacks. Three of these had frequent slight joint mani- 
festations during the period of observation. Three of the remaining 
ten stated that they had had repeated attacks of sore throat. One 
had had, in addition, chorea. There were thus only two in whom it 
was not possible to find a probable etiological basis for the cardiac 
disease in the past history. 

Three of these patients were followed for five years, five for four 
years and two for three years. Seven died from cardiac failure. In 
three the course was in many respects very similar and may be fairly 
typically illustrated by the following case: 


J. D., aged seventeen years, was first examined in May, 1917. She gave a history 
of having had chorea at twelve years and had had, at times, slight rheumatic joint 
manifestations. There were no cardiac symptoms. The apex impulse was just 
outside the midclavicular line. A systolic apical murmur was heard and there was 
a presystolic roughening which was regarded as indicating a beginning mitral 
stenosis. During October, 1919, she complained for the first time of precordial 
pain; and stated that she became short of breath rather easily. The apex impulse 
was now more diffuse and was well outside the midclavicular line. A definite pre- 
systolic murmur and a palpable thrill were recorded. The cardiac rate was rapid 
and there was thought to be an active cardiac infection. She had, during the 
winter of 1920, several attacks of tonsillitis, one of which was followed by erythema 
nodosum. She again complained of shortness of breath and was sent to the hospital 
where she was confined to bed for several weeks. Four months later the tonsils 
were removed. Within a few weeks after the operation she again experienced pre- 
cordial distress and shortness of breath. The area of cardiac dullness was observed 
to be inereased greatly over that recorded in 1919. There was some improvement 
with another prolonged stay in the hospital. Later the cardiac disability rapidly 
progressed and she died in May, 1921. 


The course of the cardiae disease in the other two patients was 
similar, in that the disability rapidly progressed and terminated fatally 
within four and six years, respectively. The presystolic murmurs be- 
came more harsh and extended further back into the diastolie period. 
The thrills became more evident and the size of the heart gradually 
inereased. In these two instances there were likewise frequent re- 
curring infections which were considered to be important factors in 
the progression of the cardiac disease. 

In two patients the signs and symptoms of a chronic adhesive peri- 
carditis developed. Each gave a history of repeated attacks of tonsil- 
litis and rheumatic fever. In both the cardiac damage was extensive 
when first seen. There was, however, no evidence of portal obstruction 
and adhesions of the pericardium could not be demonstrated. Later 
the x-ray findings were suggestive of pericardial adhesions. A Broad- 
bent’s sign was discovered and fluid appeared in the abdomen. There- 
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after until death, one and one and a half years later respectively, it 
was frequently necessary to remove the fluid from the peritoneal cavity 
by abdominal paracentesis. 

The remaining patient of those who died is of particular interest 
because of the development of an aortic regurgitation and the response 
to a tonsillectomy. He was first examined in 1919. Nine months later 
a questionable diastolic aortic murmur was heard. Within a few 
months the origin of the murmur was evident. The boy was advised 
to have his tonsils removed when his condition would permit. He, 
however, did not report again until three years later. His heart had 
greatly increased in size and the signs of aortic regurgitation were 
more evident. There was a history of recent attacks of tonsillitis. 
The cardiac rate was rapid and a temperature of 99.4° F. was recorded. 
The boy was hospitalized for a time and later the tonsils were removed. 
Very shortly following the operation the signs and symptoms of ear- 
diac failure appeared and the patient died. It was felt that the opera- 
tion probably had been done too soon following the acute tonsillar 
infection and had precipitated the cardiac failure. 

In two of the three patients of this group still living, the cardiac 
disability definitely progressed ; one was on the verge of cardiac failure 
when last seen. The other child was in poor general condition and 
complained of recurring attacks of pains in the legs that were un- 
doubtedly rheumatic in origin. 

There were eighteen patients with the findings of a mitral regurgi- 
tation when first examined. Fourteen of these were children. The 
youngest was one and one-half years old when first seen. In the 
remaining thirteen the ages varied from seven to thirteen years. Nine of 
the fourteen either gave a history of having had attacks of rheumatism 
or had rheumatic joint manifestations during the period of observa- 
tion. Five of these had had, in addition, frequent attacks of tonsil- 
litis and two chorea. In one there was a history of chorea alone. 
Two of the remaining children had had, according to their mother, 
frequent attacks of sore throat. Thus there were only two in whom a 
probable etiological factor was not found in the past history. In one 
of the adults the acute endocarditis was discovered shortly following 
an attack of rheumatic fever. 

This group was by far the most interesting from the standpoint of 
the progression of the valvular defect. Seven were seen during, or 
a short time following, the onset of the cardiac infection. In ten there 
was a very evident progression of the cardiac disease as indicated by 
the increase in the size of the heart and the appearance of new mur- 
murs. Two died during the period of observation. 

R. C., the youngest of the group, was first examined when one and one-half years 


old following an attack of tonsillitis and painful joints. The heart was very 
irritable, slightly increased in size and a systolic apical murmur was heard. The 
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child was pale and had a slight daily rise of temperature. Even though she was 
hospitalized for six months and the tonsils removed, the cardiac disease rapidly 
progressed and she died within about three years following the onset of the infee- 
tion. The heart gradually increased in size and the murmur became more harsh 
in character. 

The other patient in whom the cardiac disease terminated fatally was followed 
for six years. He was first examined at the onset of the cardiac infection during 
an attack of rheumatism. At the necropsy the heart weighed, approximately, 600 
grams and the auriculoventricular opening would barely permit the introduction 
of a lead pencil. The first evidence of the mitral stenosis was recorded about three 
years after the onset of the infection. Two years later auricular fibrillation became 
permanently established. Finally, three months prior to death, a complete heart- 
block developed. 


In five an aortic regurgitation developed. Three of these were 
adults and two children. The children were seen at more frequent 
intervals and the date of the appearance of the new murmurs was 
more accurately known. 

F. P. aged eight years, was first examined in May, 1921. The apex impulse was 
just outside the midelavicular line in the fifth interspace. A soft blowing systolic mur- 
mur was heard at the apex. Three months later, following a period of fever, a 
very faint diastolic murmur was detected over the aortic area and to the left of 
the sternum. Within a fcw months the murmur could be heard very easily. 

G. W. aged elevex years, first visited the clinic in July, 1921. She gave a 
history of frequent attacks of sore throat and at times had complained of vague 
pains in the legs. There was some question at the time as to whether there was 
a definite organic valvular disease. She was last examined in August, 1924. The 
left border of the cardiac dullness in the fifth interspace was approximately in 
the midaxillary line. There was a definite presystolic murmur at the apex and a 
faint diastolic murmur, which was thought to be aortic in origin, was heard over 
the second and third left interspaces. During this period the child was hospitalized 
on three different occasions for periods of absolute rest and the tonsils were 
removed. 


In the remaining three patients, in whom it was felt that the cardiac 
disease progressed, conduction defects were discovered during periods 
of fever. In one a delayed conduction time of the auriculoventricular 
bundle persisted for more than a year. During a part of this time 
there was a complete auriculoventricular dissociation which disap- 
peared following the administration of atropine. A similar derange- 
ment in the cardiac mechanism has since been observed in an adult 
following acute tonsillitis, which also was eliminated by atropine. 

There were five patients with aortic and mitral regurgitation. Their 
ages ranged from seven to nineteen years. Three gave a rheumatic 
history. In one the cardiac disease terminated fatally. In two of the 
remaining the cardiac disease progressed. In one there was an active 
eardiae infection during the earlier months of observation indicated 
by fever, rapid heart action and a conduction defect as shown by the 
electrocardiogram. Later the infection seemed to subside and the 
patient was in satisfactory condition when last seen. One of the 
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two in whom there has been no evidence of progression of the cardiac 
disease has gone through two pregnancies without any demonstrable 
change in the size of the heart and the character of the murmurs. 


DISCUSSION 


In the forty patients with chronic valvular heart disease, followed 
for a period varying from three to six years, the cardiac disability 
progressed in twenty-eight (70 per cent). Thirteen died from cardiac 
failure during the period of observation. In three the physical find- 
ings were those of mitral stenosis. In one of these an auricular fibril- 
lation became established before the symptoms of cardiac failure ap- 
peared. In the other two, active cardiac infections were regarded as 
being responsible for the rapid progression of the cardiac disease. 

Six of the ten patients diagnosed as having mitral regurgitation and 
stenosis when first examined eventually died. In three the course was 
similar in that it was progressive and influenced by recurring infec- 
tions. The heart gradually increased in size and the presystolic mur- 
murs became more harsh and occupied more of the diastolic period. 
In one instance the murmur, when first heard, was no more than a 
presystolic roughening. In two of the six the clinical picture of 
chronic adhesive pericarditis developed. In the remaining one an 
aortic regurgitation appeared. 

Two patients were followed during the entire course of the cardiac 
disease. In one the initial infection occurred at the age of one and 
one-half years following an acute sore throat and an attack of rheu- 
matism. The disease rapidly progressed and the child died within 
three years. In the other a very high grade mitral stenosis, which was 
demonstrated at necropsy, developed in six years. 

The cardiac disease definitely progressed in fifteen of the twenty- 
seven still living. In all instances the heart increased in size. In 
three aortic regurgitation, and in one a mitral stenosis, developed. 
Five had, at some time, conduction defects of the auriculoventricular 
bundle. In one an auricular fibrillation became established and an- 
other had paroxysms of absolute irregularity. 


It is appreciated that the number of patients in this series is too 
small from which to draw conclusions in regard to the incidence of 
the progression of the cardiac disability in those with chronic valvular 
heart disease. Furthermore, these studies were made on dispensary 
patients. In the majority the living conditions were poor. The chil- 
dren, because of economic stress, were neglected in many instances. 
The adults often were obliged to do work of a type for which they 
were not physically fit. These factors, which undoubtedly favored the 
progression of the cardiac disease in this group of patients, might, in 
a large measure, be disregarded in those with better educational quali- 
fications and under improved economic circumstances. 
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These studies, however, emphasize the progressive nature of chronic 
valvular heart disease. It is felt that this feature has not been suff- 
ciently recognized in the treatment of this condition. The physician 
is too prone to disregard the valvular defect when the functional 
capacity of the heart seems satisfactory and not to adopt measures to 
safeguard the individual against the progression of cardiac disease. 
A comprehensive diagnosis should include, first, the etiological factor, 
and whether or not this is still present; second, the progress and the 
extent of the cardiac damage, and lastly the presence or absence of an 
active infection. 

There are several factors which may influence the course of chronie 
valvular heart disease. In this study, however, the persistence of the 
initial infection or the frequent recurrence of an active cardiac infee- 
tion was considered to be largely responsible for the rapid progression 
of the disease in most instances. 

It is often very difficult to determine whether or not there is an 
active eardiae infection. The presence of a daily elevation of tem- 
perature and a persistent acceleration of the cardiae rate may be the 
only clinical manifestations. The fever may be slight and perhaps 
may not exceed 99.2° F. or 99.8° F. in the afternoon. The increase 
in the cardiac rate is out of proportion to the temperature readings. 
In the vast majority, with these findings, in the absence of other 
demonstrable causes, the diagnosis of an active cardiac infection may 
be verified later by the appearance of other manifestations. The 
presence of precordial pain is suggestive of the possibility of an active 
eardiae infection. The majority of the patients in our series in whom 
the disease was definitely progressing complained at some time of pain 
in the precordium. This pain was intermittent in type and was apt 
to be sharp and ‘‘sticking’’ in character. It usually would disappear 
in a few days. In practically all instances, the patient was regarded 
as having an active cardiac infection and later developments proved 
this to be true. The distress was thought to be due to a possible 
slight pericardial involvement. In four instances a transient peri- 
cardial rub was discovered, and in three others conduction defects 
were found by means of the electrocardiogram. Coombs* has men- 
tioned the frequeney with which the pericardium becomes involved in 
rheumatic heart disease and cites the postmortem records of the Bristol 
General Hospital. These records showed that 100 per cent of those 
who died in the first decade with rheumatic heart disease had peri- 
cardial lesions; 83 per cent in the second; 41 per cent in the third; 
23 per cent in the fourth, and after the age of forty, 26 per cent. 

In doubtful cases the electrocardiogram may give the additional in- 
formation necessary to make a positive diagnosis. Routine curves 
taken at weekly intervals not infrequently will show conduction de- 
fects at some time if there be an active cardiac infection. The con- 
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duction defect is usually in the form of a slight prolongation of the 
P-R interval which frequently disappears within a few days. The 
incidence of this type of heart-block in eardiac infections is difficult 
to estimate. Parkinson, Gunson and Gosse* observed this condition in 
30 per cent of those with an active rheumatic carditis. Coombs,’ on 
the other hand, states that he has encountered only six instances in 
which there was an interference with the conduction over the auriculo- 
ventricular bundle. In our series in which a particular effort was 
made to discover possible conduction defects, the incidence was much 
higher than that reported by Coombs and approached that cited by 
Parkinson and his co-workers. The frequency with which a prolonga- 
tion of the P-R interval may be detected no doubt will depend some- 
what on the care with which it is sought. 

Cohn and Swift® recently have recorded changes in the T-wave of 
the electrocardiogram during the course of acute rheumatic fever. 
This feature has been observed in the present study. It is possible 
that this alteration in the T-deflection may be of value in determining 
the presence of an active infection. 


SUMMARY 


1. In forty patients with chronic valvular heart disease the progress 
of the cardiae disability was studied for a period of three to six 
years. The disease definitely progressed in twenty-eight, or 70 per 
cent. In thirteen of the twenty-eight the condition terminated fatally. 

2. The progression of the disease was indicated by ar increase in the 
size of the heart. In some there was, in addition to this feature, a 
change in the character of the murmur or the development of a new 
murmur. In others auricular fibrillation became established or con- 
duction defects were found by means of the electrocardiogram. 

3. An active cardiac infection was considered to be largely respon- 
sible for the progression of the disease. 

4. The presence of an active infection is often difficult to determine 
in a heart that is already damaged. <A rapid cardiac rate and a slight 
daily elevation of temperature may be the only clinical manifestations. 
Pain in the precordium is a very suggestive symptom. In doubtful 
eases the electrocardiogram may give sufficient information to estab- 
lish the diagnosis. 
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BASAL METABOLISM IN ORGANIC HEART DISEASE* 


Morris W. Lev, M.D., Aanp W. HambBuraer, M.D., 
Cuicaao, Inu. 


URING the past year and a half we have been interested in the 

basal metabolism in patients with organic heart disease with de- 
compensation.t Seventeen cases observed carefully, with double that 
number with less complete data, showed. substantially the same re- 
sults. Seventy-five per cent of these cases entering the hospital with 
various degrees of decompensation showed a definite and constant 
increase in their basal metabolic rate; 25 per cent showed a normal 
rate or one below normal. Of those showing an increase, the highest 
reading obtained was 66 per cent above normal, the lowest 11.8 per 
cent above, the average being 39 per cent above normal. As com- 
pensation returns, the basal metabolic rate drops to normal or below; 
in eases where compensation does not return the basal metabolic rate 
remains high. In one ease of rheumatic heart disease with both 
aortic and mitral involvement, with ultimate death from heart fail- 
ure, the average of the entrance readings was 15 per cent above nor- 
mal; later the rate rose to 22 per cent above and remained at 20 per 
cent just before exitus. 


The basal metabolic rate was not related to the type of cardiac 
valve or muscle involvement, nor to edema, cyanosis, arrhythmia, or 
electrocardiographiec findings, but only to the degree of heart muscle 
failure and the pulse and respiratory rates. 

Since our preliminary report,! we have occupied ourselves with 
attempts to secure data on the factor or factors responsible for this 
increase in basal metabolism during eardiac decompensation, and 
the present paper consists in a report of this data. 

Before turning to a consideration of this material we wish to 
mention briefly a number of papers which have appeared in the 
literature since the publication of our preliminary report and which 
have a direct bearing on this phase of the problem. Boothby and 
Willius? in an extensive report on 217 eases of organic heart disease 
state that ‘‘in the routine determinations of the basal metabolic rate 
in patients with cardiac disease, the level of the metabolism is found 
to be slightly elevated above the DuBois standard more frequently 
than in strictly normal subjects. This elevation is independent of 


electrocardiographic findings and of the type, character and degree 

*From the Medical Service, the Cardiographic Laboratory and the Otto Baer 
Fund for Clinical Research of the Michael Reese Hospital and the Nelson Morris 
Memorial Institute for Medical Research, Chicago. 
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of the organic heart lesion.’’ They conclude that the two most prob- 
able factors for this increase in basal metabolism are ‘‘the actual 
increase in muscular work required in labored respirations and the 
subjective sensation of distress with resultant nervousness and fear 
from the application of the mask or mouthpiece.”’ 

In connection with the last named factor, a report by Ziegler and 
Levine® on the influence of emotional reactions on basal metabolism 
is interesting and important. They showed that certain psychoneu- 
rotic individuals, without goiter but with various worries, unpleasant 
memories or thoughts of emotion-produecing aspects of their past 
history, respond by an increased metabolic rate. As Boothby and 


Fig. 1—Patient A. F. S. Case of paroxysmal auricular tachycardia taken simul- 
taneously with B. M. R. before attack. First lead shows solitary auricular extrasystole 
with ventricular aberration. Sinus rhythm rate 67. B. M. R. 6 per cent below normal. 


Willius point out, this factor of emotional reaction is of particular 
importance in the evaluation of increased basal metabolism in cardiac 
disease, because of the anxiety and apprehension which many of these 
patients possess. However, in this series, it is suggestive that in the 
group of cardiac neuroses, where @ priori one would expect these 
factors to be particularly prominent, only three cases showed a con- 
stantly high rate. DuBois,‘ discussing the probable factors concerned, 
concludes ‘‘that there is nothing in heart disease of itself that alters 
the metabolism, but that the increased activity of the muscles of 
respiration causes an increased oxygen consumption. It is also pos- 
sible that the increased work of the heart helps to raise the metabol- 
ism to a slight extent.”’ 
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In the present paper we wish to report; (1) the changes in basa] 
metabolism in a case of paroxysmal auricular tachycardia before and 
during a paroxysm of tachyeardia, and (2) the changes in basal 
metabolism, the result of artificially increased respiratory rate. 
CHANGES IN BASAL METABOLISM IN A CASE OF PAROXYSMAL AURICULAR 

TACHYCARDIA BEFORE AND DURING THE PERIOD OF TACHYCARDIA 

Bareroft, Bock and Roughton’® report the case of a university stu- 

dent of twenty-two years, with repeated attacks of tachycardia, who 
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Fig. 2.—Respiratory tracing of patient A. F. S., with paroxysmal auricular tachy- 
cardia during period of normal sinus rhythm (control). B. M. R. 6 per cent below 
normal, Respiratory rate 4.3 per minute. Cardiac rate 67 per minute, 
showed a considerable lowering of the total oxygen consumption dur- 
ing two attacks of tachyeardia. In a previous attack, however, the 
oxygen consumption had been normal and they conclude that the 
lowering may not take place throughout the whole attack. 

Dieuaide’s® case of paroxysmal tachycardia on the other hand 
showed an increase of 16.7 per cent above normal, which he attributed 
to the added work of the heart and lungs rather than to some more 
fundamental change. 
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The clinical history of the patient we wish to report is as follows: 
Mr. A. F. 8., a telephone adjuster, aged forty-four years, has suffered 
with attacks of sudden rapid beating of the heart since his boyhood, 
starting originally while playing football. During the past two years 
he has had almost daily attacks. He can usually start them at will 
by exercise, by turning and lying on his right side, ete. Likewise he 
ean terminate an attack by deep breathing, bending at the waist, 
raising his leg, stretching, standing erect against a wall, squatting, 
ete. The attacks have been more frequent since an attack of en- 
eephalitis in February, 1919. Systolic blood pressure is 120 mm., 
diastolic 65. Wassermann reaction is negative. Fluoroscopy reveals 


Fig. 3.—Patient A. F. S. during ian attack of paroxysmal tachyeardia. Curve taken 
simultaneously with B. M. R. Ventricular rate 187. B. M. R. 5.1 per cent above 
normal. 


a slight widening of the ascending aortie arch just above the base of 
the heart, amounting almost to a diffuse aneurysm at this point. Dur- 
ing a paroxysm the heart appears somewhat smaller in the transvcrse 
diameter than between attacks (sinus rhythm). The attacks are quite 
well controlled by small amounts of quinidine with occasional periods 
of small doses of digitalis. 

As this patient could bring on an attack of tachyeardia almost at 
will, we considered him a favorable case for making the experiment. 
On the morning of the test, after the usual overnight fast, he came 
to the heart station, where he rested in the prone position for the 
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usual 30 minutes. At the end of this time a control electrocardiogram 
was taken, which showed in Lead II a normal sinus rhythm with 
a solitary extrasystole, probably of auricular origin. The basal metab. 
olic rate was then estimated with a portable Benedict-Roth machine, 
a second electrocardiogram being taken simultaneously, showing a 
sinus rhythm with a rate of 67 (Fig. 1). His control metabolism 
showed his basal metabolic rate to be 6 per cent below normal, a 
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Fig. 4.—Patient A. F. S. respiratory tracing during period of rapid heart action 
(paroxysmal tachycardia). B. M. R. 5.1. per cent above normal. 
‘ 


-») per minute. Cardiac rate 187 per minute. 


graph of his respirations being slow (Fig. 2), his respiratory rate 
being exceptionally slow—an average of 414 per minute. 


The patient then induced a paroxysm of tachycardia by turning and 


lying on his right side, simultaneous metabolism and electrocardio- 
graphic readings again being taken. Fig. 3 gives the electrocardio- 
gram taken during the period of tachyeardia, showing a rate of 187— 


approximately 2.5 times the control. Fig. 4 shows his respiratory 


tracing at this time, with a basal metabolic rate of 5.1 per cent above 
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normal—a total rise of 11.1 per cent over the control and a respira- 
tory rate of 744 times per minute—a little less than double that before 
the attack. In other words, his increased metabolic rate was accom- 
panied by an inerease in both the cardiae and respiratory rate, a 
result which fits in with the belief expressed by DuBois in reference 
to increased metabolic rate during decompensation, namely, that the 
inereased activity of the muscles of respiration as well as the in- 
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Fig. 5.—Patient A. F. S. Respiratory tracing during period of sinus rhythm and 


B. M. R. 3.7 per cent below normal. Re- 


68 per minute. 


slow regular breathing—basal conditions. 
spiratory rate 3.3 per minute. Heart rate 


ereased work of the heart is responsible for the increased oxygen 
consumption. 

In view of this simultaneous rise in both cardiac and respiratory 
rates during the rise in metabolism, we examined him again on an- 
other occasion with the view of evaluating the importance of the 
above two factors by estimating the basal metabolic rate during a 
period of artificially induced rapid breathing (tachypnea), but with- 
out change in the normal rhythm of his heart. Figs. 5 and 6 show 
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the result of this test—the metabolism being identical in both jp. 
stances, 3.7 per cent below normal. In the control test the respiratory 
rate was 3.33 per minute, the heart rate 68 beats per minute; in the 
artificially produced tachypnea the respiratory rate was 28 per minute 
and the eardiae rate 78. From this experiment we would conclude 
therefore that the increase in metabolism occurring during the period 
of paroxysmal tachyeardia was associated rather with the increased 
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Fig. 6.—Subject A. F. 8. During artificial induced rapid breathing (tachypnea). 
Note rapid but shallow excursions as compared with control (Fig. 5). B. M. R. 3.7 
per cent below normal. Respiratory rate 28 per minute. Heart rate 78 per minute. 


eardiae activity than with the increase in respiratory rate. However 
the period of artificially induced tachypnea of this experiment was 
accompanied by rapid, extremely shallow breathing, as may be seen 
in the graph (Fig. 6). ‘ 

Summarizing then the results of this experiment we find a rise of 
11.1 per cent in the basal metabolic rate, an increase of 2.5 times in 
the pulse rate and of 1.7 times in the respiratory rate, during the 


period of rapid heart action in a ease of paroxysmal auricular tachy- 
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cardia. Increasing artificially the respiratory rate (tachypnea) to 
8.5 times the normal, but with shallow breathing, causes no change in 
basal metabolism. One would conclude therefore that the increase in 
metabolic rate is dependent more on the increased rate of the heart 
than on the increased rate of respiration. 

Attempting to substantiate this conclusion and to gain further data 


J2ES2 
Fig. 7.—Subject L. Normal respiratory curve (control). B. M_R. 1.6 per cent below 


normal. Respiratory rate 6,6 per minute. Heart rate 70 per minute. 


relative to the effect of tachypnea alone on the basal metabolic rate, 
we made certain further experiments on other subjects. In the case 
of Subject L, a young medical student of twenty-two years, his basal 
metabolic rate with normal breathing of 6.6 times per minute was 
1.6 per cent below normal. Artificial tachypnea to a rate of 20 
respirations per minute, with about equal depth of respiratory excur- 
sion, showed a rate of 15.9 per cent above normal—a total increase of 
17.5 per cent (Figs. 7 and 8). This result then, with tachypnea of 
equal depth as the control, shows a definite increase in the basal 
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metabolic rate, with only slight change in cardiac rate from 70 to 76 
beats per minute. 


DISCUSSION 


Summarizing the results of these observations it appears that two 
factors at least are operative in the production of increased basal 
metabolic rate under these conditions, i.e., tachyeardia and tachypnea. 
They offer no definite information as to the relative importance of 
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Fig. 8.—Subject L. Respiratory curve during artificially induced rapid breathing. 
(Artificial tachypnea.) B. M. R. 15.9 per cent above normal. Respiratory rate 20.1 
per minute. Heart rate 76 per minute. 


these two factors although ‘‘Lowey estimates that heart action ac- 
counts for 3.6 per cent of the metabolism of men and the respiratory 
movements for about 10 per cent.’ Attempts to correlate these 
findings with the basal metabolic rate and respiratory rate of patients 
with organic heart disease with decompensation (dyspnea) indicate 
that the same two factors are operative here; although one gains the 
impression that there may be present also some additional and more 
fundamental factors, such as lactic acid accumulation from incomplete 
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oxidation (Lusk)* carbon dioxide acidosis (Peters and Barr),® or 
changes in the thyroid circulation from long standing congestion of 
the superior circulation (transient hyperthyroidism during decompen- 


sation). 
CONCLUSIONS 


1. Seventy-five per cent of the cases of organic heart disease with 
decompensation show an increased basal metabolic rate of an average 
of 39 per cent above normal. 

2. The increase in basal metabolic rate is not related directly to the 
type of heart involvement, arrhythmia, cyanosis or edema, but seems 
to vary only with the degree of decompensation and the cardiae and 
respiratory rate. 

3. The high basal metabolic rate decreases gradually with the return 
of compensation, but remains high or goes higher as decompensation 
continues or. becomes more pronounced. 

4. In a ease of paroxysmal tachyeardia the basal metabolic rate in- 
ereased 11.1 per cent during the paroxysm. 

5. In a normal subject, artificially induced tachypnea resulted in 
a 17.5 per cent basal metabolic rate increase. 

6. It is probable that the increased work of the heart and the in- 
creased activity of the muscles of respiration are responsible for the 
increase in basal metabolic rate in organic heart disease with decom- 
pensation, although the possibility of other factors may be considered, 
notably a thyroid factor, from transient hyperthyroidism during de- 
compensation, or changes in the thyroid circulation from long stand- 
ing congestion of the superior circulation. 
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Albion Walter Hewlett 


The recent untimely death of Doctor Hewlett, at the age of fifty 
years, has brought to a sadly early close a career that was in many 
ways remarkable. Few men in the profession of medicine have shaped 
their lives with greater singleness of purpose and loftiness of ideals. 
As a fruitful investigator, a sound and stimulating teacher and a 
clear and logical writer, he contributed generously to the advancement 
of scientific medicine in this country. His treatise, Pathological Phys- 
tology of Internal Diseases, has become a classic in its field. As Pro- 
fessor of Medicine, first at the University of Michigan and later at 
Stanford University, he left the imprint of his modest, gentle bearing 
and his earnest, eager, scientific spirit upon every one who came 
within his range of influence. American medicine, no less than his 
wide circle of personal friends, has suffered grievous loss in the death 
of Walter Hewlett. This loss is shared by the AMERICAN Heart Jour- 
NAL and its editorial staff, of which he was an honored member. 
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Selected Abstracts 


Cohn, Alfred E. and Stewart, Harold J.: Evidence that Digitalis Influences Con- 
traction of the Heart in Man. Jour. Clin. Investigation, 1924, i, 97. 


The effect of digitalis in therapeutic doses was studied in patients by the 
method of a moving x-ray film. The patient faces a lead screen in which a trans- 
verse slit 1 cm. wide is cut, and placed opposite that portion of the border of the 
left ventricle which exhibits the greatest excursion; the x-ray film is raised past 
the slit on the other side of the screen while being exposed to an x-ray tube 36 
inches from the screen. A record was obtained showing a continuous curve, the 
trough being systole and the crest diastole. The distance between the two positions 
was used as a measure of the degree of ventricular contraction or shortening. 

Four patients were studied, who were free from edema and with reasonably 
thin chests. Two of these exhibited a normal rhythm and the other two that of 
auricular fibrillation. 

There were seen no significant or consistent changes in either the systolic or 
diastolic blood pressure. In all eases a significant increase in the height of the 
left ventricular exeursion was seen when the patients were under the influence of 
digitalis. As the effect of the drug wore off the height of the excursion decreased. 
As a rule no decrease in the size of the heart took place. 


Hamilton, Burton E.: I. The Heart in Toxic Thyroid States. II. Heart Failure 
(Congestive) Associated with Thyroid Toxicity. Surg. Clin. N. Amer., 1924, iv, 
1411 and 1425. 


In these two clinical discussions of the heart in toxic thyroid states one will 
find a very clear presentation of this interesting and important subject. However 
one may differ from the views here expressed, the reader is easily impressed by the 
important factors recorded which may help in the understanding of the relationship 
of the heart and its function to toxic goiter. 

It is most instructive to note the clear reasoning employed in arriving at the 
various conclusions, without the aid of elaborate laboratory procedures. This is 
of great importance to the average clinician. The lesson to be learned in this report 
should be of great value to practitioners who have not the opportunity for as wide 
an experience as the author. 


Burwell, C. Sidney, and Robinson, G. Canby: A Method for the Determination of 
the Amount of Oxygen and Carbon Dioxide in the Mixed Venous Blood of Man. 


Jour. Clin. Investigation, 1924, i, 47. 

The technical contributions which are made in this report consist in the employ- 
ment of alveolar air samples obtained by the Haldane-Priestly method after adjust- 
ment of the lung air, in order to determine the proper gas mixture to be used for 
diluting the lung air; the double rebreathing method for determining the correctness 
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of the oxygen tensions in the rebreathing bag; the method of obtaining a gas mix. 
ture in which all gases are in equilibrium with those of the venous blood; and the 
direct use of this gas mixture for obtaining so-called mixed venous blood by equilib- 
ration in a tonometer. 

This method for obtaining the gaseous content of the mixed venous blood of 
healthy resting subjects fulfills all requirements of known physiological facts, 
When the results of the method are combined with those of analysis of the arterial 
blood and of the determination of the gas exchange in the lungs data are at hand 
for calculating the output of the heart, per minute and per beat. 


Levine, S. A.: Cases of Coronary Occlusion, with Recovery. Med. Clin. N. Amer, 
1924, viii, 1719. 


The author diseusses the clinical diagnosis of angina pectoris and coronary ocelu- 
sion and the differentiation between the two. The description is clear, complete and 
useful for the student of medicine. While the individual case may present features 
not so easily classified, and with the diagnosis not so easily made as one is led to 
believe in the report, still it will serve as a guide for working out the diagnosis, 
Five cases are reported, illustrating the important clinical features that oceur. 
Attacks of coronary closure are not uncommon and can easily be recognized by the 
physician with no other means than those he has constantly at the bedside. They 
must be clearly differentiated from the ordinary attacks of angina pectoris, for the 
prognosis and treatment of the two conditions are quite different. It is important 
to bear in mind that recovery frequently occurs and that patients are even restored 
to their active duties. 


Burwell, C. Sidney, and Robinson, G. Canby: The Gaseous Content of the Blood 
and the Output of the Heart in Normal Resting Adults. Jour. Clin. Investiga- 


tion, 1924, i, 87. 

Data obtained by determination of the oxygen and carbon dioxide content of the 
mixed venous blood, by measuring the gas exchange in the lungs, and. by counting the 
pulse allow the estimation of the output of the heart per minute and per beat. 
The authors consider that the circulation minute volume calculated from the oxygen 
figures is more reliable than that calculated from the carbon dioxide figures. 

Their studies indicate that the usual minute output of the normal resting adult 
is 3,500 to 4,500 ¢.c. and the usual output per beat is 60 to 70 ¢.c.; but exceptions 
occur and individuals under otherwise constant conditions may show variations 
from 6,700 to 4,500 ¢.c. Quantitative studies of such a matter as the output of 
the heart, therefore, are better studied as individual results than as averages. 

From the tables reported, it is apparent that neither the minute output nor the 
output per beat has any exact or noteworthy relation to body weight, to body 
surface area, or to the volume of oxygen absorbed. The authors insist on the rela- 
tionship which must exist between the minute output and basal metabolic rate and 


exercise. 


Dublin, Louis I., Fisk, Eugene Lyman, and Kopf, Edwin W.: Physical Defects as 
Revealed by Periodic Health Examinations. Amer. Jour. Med. Sei., 1925, 170, 


576. 


As part of the work of the Life Extension Institute, the examinations on 16,662 
white males, supposedly able to work, are reported. The proportion of advanced 
and serious defects is found to be highest at the older age groups, while minor and 


moderate defects are common among young men. 
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The heart examinations showed no material difference between overweights and 
normal weights with respect to valve damage but there was a higher proportion 
of enlarged hearts, (3.4 per cent) and pulse above 90 (10.9 per cent) among over- 
weights than in persons of normal weight (2.5 per cent and 7.1 per cent, respec- 
tively). Persons definitely overweight show smaller percentage of arterial thicken- 
ing than do normals, and yet the proportion of persons with blood pressures 20 to 
40 mm. above normal for age was 12.8 per cent among those who were overweight as 
compared with 5.2 per cent among normals. This close relationship between high 
blood pressure and overweight is exceedingly significant, particularly at the middle- 
age period. 

Examination revealed conditions abnormal in some degree with respect to heart 
and pulse in 17.2 per cent of the cases. Functional murmur or irregularity occurred 
in 6 per cent, organic murmur in 1 per cent, heart enlargement in 2.7 per cent, and 
rapid pulse (above 90) in 8.3 per cent, with slow pulse (below 58) in 1.4 per 
eent. These cases of heart murmur and enlargement are notably more frequent 
among the older age group. Slow pulse, likewise, is more common in the older 
age groups and among low blood pressure groups. 

The difference in blood pressure classification between those who are listed 
as ‘‘temperate’’ and ‘‘excessive’’ users of tobacco and as nonusers is only slight. 
Among 5,520 cases of excessive tobacco users there were no excess ratio of high blood 
pressure cases, although other important impairments were found, such as increased 
ratio of arterial thickening, mouth infection and rapid pulse. 

Most of the defects and impairments discovered in the younger ages of adult 
life are subject to effective control, especially in the field of weight control. These 
figures show conclusively that marked overweight is associated with serious im- 
pairment of cardiovascular function, and this suggests that recognition and control 
of exeessive body weight may lead to a sharp reduction in the actual number of 
individuals with embarrassed hearts and blood vessels. 


Thayer, Wm. S.: Reflections on the Interpretation of Systolic Cardiac Murmurs. 
Am. Jour. Med. Sei., 1925, elxix, 313. 


Before one jumps to a consideration of cardiac murmurs in the abstract, it would 
be better to try to decide what may be the cause of the sound in the conerete case 
on the basis of simple anatomical, physical and physiological phenomena. With 
this view in mind, the author explains the simple physical conditions on which a 
eardiae murmur may depend. 

The aortic and pulmonary rings, more or less constant in cireumference, connect 
the proximal ventricles, which may vary considerably in their strength and in the 
quantity of blood that they ejeet, with the distal vessels, which are of great elasticity 
and capable of wide dilatation. Nature has so admirably adjusted the ventricle 
ring and vessel that, in normal function, they act as if parts of one elastic tube of 
constant size. Murmurs then occur when the ventricle is dilated or hypertrophied, 
or wherever the aorta beyond the ring is relaxed or dilated, or whenever the ring 
itself is narrowed. 

In the case of systolic pulmonary’ murmurs in the young, with elastic lungs and 
a large eardiae incisure, the conus may impinge close to, or directly on, the chest 
wall. This should reproduce exactly the conditions which exist experimentally when 
one presses a stethoscope against the conus. 

The tricuspid and mitral rings also in normal function behave not as straits, but 
as parts of a common auriculoventricular canal. Only with actual stenosis of these 
orifices do audible or palpable vibrations arise while the blood is flowing in its 


normal eourse. Apical systolic murmurs are not generally of very great intensity 
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for the obvious reason that the points at which we are able to approach the heart 
with our stethoscopes are situated proximally to the point of origin of the murmur. 
They are commonly heard in axilla and back because, even though considerable lung 
tissue lies interposed between the heart and chest wall, the root of the left ventricle 
and the left auricle over which the murmur is of greatest intensity, lie posteriorly, 

It is not likely that vegetations in themselves play any essential part in producing 
audible vibrations save, perhaps, the large thrombotic vegetations of a bacterial 
endocarditis. The early murmurs arising at the mitral orifice in acute rheumatie 
heart disease are not due to the endocarditis but to the relaxation of the mitra] 
ring, due to myocardial change. It is only with the subsequent chronic thickenings 
and eurlings of the valve curtains and shortening of the chordae tendineae that 
recognizable insufficiency and stenosis occur. 

Briefly, the author arranges the facts to be considered when a given apical 
systolic murmur may depend on: (1) actual valvular disease; (2) dilatation of 
the mitral ring; (3) or functional. 

Functional murmurs at the apex are explained at some length and the frequency 
of their occurrence is noted especially in the recumbent or left lateral position. 


Wood, J. Edwin, Jr., and White, Paul D.: The Electrocardiogram in Uremia and 
Severe Chronic Nephritis with Nitrogen Retention. Amer. Jour. Med. Sei., 1925, 
elxix, 76. 


Thirty-eight cases of uremia and severe chronic nephritis with increased blood 
nitrogen have been studied with reference to the electrocardiogram. There were 12 
of the 38 cases with abnormal changes in the electrocardiogram resulting from the 
toxie effect of the products of uremia upon the heart muscle. These toxic effects 
act in some respects like digitalis. 

Four of the 12 positive cases showed definite abnormalities of rhythm: (1) 
probable auricular standstill and idioventricular rhythm, later changing to auricular 
fibrillation; (2) sinoauricular block with ventricular escape, later varying from an 
ectopic auricular rhythm to ventricular escape or to atrioventricular nodal rhythm; 
(3)marked sinoauricular bradyeardia, possibly sinoauricular block; (4) variable 
sinoauricular block and auriculoventricular block with rare dropped beats. 

The heart rates were variable and the bradycardia commonly said to be present 
in uremia, was not observed in their series. In 4 eases there was abnormality of 
the QRS complex, indicating intraventricular block. The T-wave in Lead IT was 
flat, diphasie or inverted in 7 of the 12 positive cases and unusually high in the 
other 5 cases. Pronounced left axis deviation was present in 6 cases. A review of 
these studies fails to show a common factor in either positive or negative group 
and the nature of the toxin causing the change in the heart muscle as well as 
any common factor is obscure. In general the positive cases seem to have a more 
advanced nephritis, as indicated by the hospital mortality, albuminuric retinitis, 
higher blood pressures, and apparently the greater incidence of edema. 


Faber, Harold K. and Barnett, Anna F.: The Value of the Convalescent Home 
in the Management of Chorea Minor. Arch. Ped., 1925, xlii, 41. 


Twelve cases of chorea treated at Stanford Convalescent Home show a few 
recoveries, dramatic in rapidity and apparent completeness, and the rest a slower 
but no less apparently complete recovery. The facilities of the convalescent home 
allow bed rest with nursing care until symptoms have entirely disappeared—a 
and a further period of 


period of from four to ten weeks in severe cases 


ambulatory care with the patient under supervision, during which he ean regain 
his full strength. With schooling provided during the latter period, the child 
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need not worry about the loss of time and probable loss of promotion. Prolonged 
supervision of convalescence, the maintenance of nutrition and the insistence 
on liberal periods of sleep and rest are of utmost importance. These requisites 
ean nowhere be quite so well provided as in convalescent homes. 

The authors wish to avoid any extravagant or unwarranted claims and cannot 
say that any one factor, such as heliotherapy, has been responsible for such re 


sults as have been observed. ea « 


Boas, Ernst P., and Perla, David: Mitral Stenosis after the Fifth Decade of Life. 
Amer. Jour. Med. Sci., 1925, elxx, 529. F 


During the last two and a half years, 183 patients of all ages were discharged 
or died at Montefiore Hospital with the diagnosis of mitral stenosis. Of these, 
46 were over fifty years of age, the oldest being eighty-three. Seventeen gave a 
clear history of a typical rklamatie infection. Three others with no history of 
rheumatism should be included as at autopsy typical healed verrucae were found. 
Twelve patients remembered no rheumatic infections but showed signs of mitral 
stenosis. 

Fourteen patients in a third group with one exception were over sixty years of 
age, in whom, too, there was no history of antecedent infections, but who, jin 
addition to the physical signs of mitral stenosis, gave evidence of widesprea: 
arteriosclerosis of both peripheral and central vessels. These patients, as a rule, 
did not present the typical full blooded appearance of the ordinary mitral patient, 
but were more poorly nourished and of a more sallow complexion. In 3, various 
complications, such as cerebral hemorrhage, cerebrospinal arteriosclerosis and 
diabetes occurred. The authors venture to diagnose these eases as atherosclerotic 
mitral stenosis. The diagnostic features and the pathological changes in this type 
of mitral stenosis are discussed. 

Of the 56 patients, 26 were accompanied by auricular fibrillation; 36 per cent 
of the atherosclerotic group in contrast to 70 per cent of the rheumatic group 
had this complication. 

The 30 women had given birth to 119 children; only 6 had no children, while 
2 had 10 and 1 had 12 offspring. 


Stroud, Wm. D.: Care of Children Convalescing from Heart Disease. Arch. Ped., 
1925, xlii, 190. 


The author reports on the work which the Philadelphia Association for the 
Prevention and Relief of Heart Disease has been attempting for the care of 
children convalescing from infections which usually or occasionally damage the 
heart; some children with apparently damaged hearts, others with actually 
damaged hearts. This eare consists of absolute rest, increased nutrition and the 
removal of foci of infection. Two weeks admission to a hospital ward are re 
quired for tonsillectomy and the eradication of definitely diseased teeth. 

Four cases illustrative of the course of patients so treated are included. 

The author feels that prolonged rest in bed, six to eight months, with a gradual 
inerease in effort as the temperature, gain in nutrition and general improvement 
ensue, will not only greatly lessen the possibility of a reactivation of an endo- 
‘arditis, but a recurrence of the original etiological factor as well. 
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Book Review 


CuinicaAL Features or Heart Diszase—By Leroy Crummer, M.D 

Professor of Medicine, University of Nebraska. Pp. 353. Paul B. 
Hoeber, Ine., New York. 


The author of this volume, like many others, found in the examina- 
tion of eandidates for the army a unique opportunity to increase his 
knowledge of heart conditions and to observe with accuracy many 
slight deviations from the normal. The subject matter of the book is 
based on ‘‘Cireular 21’’ which was issued by the War Department for 
the instruction of medical officers in examining the heart and blood 
vessels of army recruits. This necessarily limits the scope of the book 
and, as might be expected, the clinical features of all types of heart 
diseases are by no means covered. But the book presents in admirably 
elear and concise form the clinical and diagnostie features of the 
more important types of cardiae disease. Careful history taking and 
the accurate observation of physical signs are stressed in a way that 
is refreshing in these days when so often x-ray plates, polygrams and 
electrocardiograms seem to have absorbed the interest of many prac- 
titioners to the exclusion of the less spectacular but more important 
methods of physical exaniination. 

Doctor Crummer presents a number of unusual observations and 
offers suggestions for their interpretation which do not always con- 
form to accepted opinions. His original views need not perhaps al- 
ways be accepted as entirely sound, but they are evidently advanced 
only after painstaking observations and with a sincerity which must 
challenge the respectful consideration of the reader. The antagonism 
which some of his statements arouse is stimulating and in this is to 
be found one of the chief virtues of the book. Examples of his un- 
usual points of view may be found in his discussion of the ‘‘first 
sound right’’ and the ‘‘first sound left’’ (chapter IV) and in his 
‘‘block’’ method for the administration of digitalis to fibrillators (pp. 
121, 259, 261). 

More than once he takes a fling at dogmatism; even Osler and 
Mackenzie do not eseape (p. 46). One who does this has all the 
greater need for caution as to his own statements; for example 
(p. 39), when one finds a tumor of the chest pulsating in heart 
rhythm, is a diagnosis of aneurysm ‘‘permanently established’’ until 
a localized empyema has been excluded? Or (p. 62) is a diastolic 
deecrescendo murmur heard in second right interspace invariably diag- 
nostie of aortic insufficiency ? 

Evidently the author is an expert not only in the study of physical 
signs but also in the psychology of the patient. Internal evidence 
indicates that he has taken care of many patients outside institutional 
walls, from whom he has learned much that the purely hospital and 
laboratory man has had little opportunity to acquire. His book has 
many helpful hints and suggestious as to the best methods of handling 
patients who have or think they have defective hearts. 

&. 
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